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TRANSFECTED WITH RECEPTORS 
FIELD OP INVENTION 



The present; invention relates t-o ./ V ' 

• c . -texaces to methods . for idenHfvvn« 

5 substances that act as 1 * , -. ^^ltyxng 

a test kit f J ^ for cloned receptors, as well as 

' r ° r use 111 the methods. .' 

V .^OHaC-OND OF THE XMVBHXION 

,„ £or rece f tor Proteins, sany of which have recently been " 

~ tc screen these libraries aw instTC 

20 sensitive form whii e a V receptor xn a ligand . 

. , onn - ; Wlule a few. receptors can be expressed in 

easily manipulated model systems such as yeast and V c ^i th 

?«>e ability o£ liganos to interact ' 
: : : by petition W t - i^l^' ° " r * 

30 raaionncleoti.e, for Oi^ W^^ ^ 

MS PPPUlar beC8USe 'W; involve'relat"e7 S et pf 
.Also, ^nce binaino o£ ten aoes not re^re interact^ 
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other cellular .proteins, these assays are. less, sensitive to 
factors such as . levels of expression of the receptor and the. 
cellular environment. Recently, technology such .as the 
. Proximity. Assay {Amersham Co) has further simplified these 
5 assays making automation and mass screening possible. Binding 
assays have many limitations: (i) , For many -technical reasons, 
". v binding assays are almost always performed in nonphysiological 
.buffers. • These, buf fers bfteni markedly influence, receptor 
pharmacology / . {ii) .^Agonists and antagonists are not reliably 
: 10 discriminated in" binding assays (iii) Only binding sites for 
which labeled - ligands are available can be . studied. < iv ) a 
. Since only modest levels of receptor (binding site) expression 
haye been, achieved in mammalian cells, propagation of receptors 
; ,.;is a major expense in these assays., (v) \Hhe vast majority of 
15 labeled ligands are radioisotopes, the purchase, handling and 
disposal of , which are major expenses. : 

• To, reliably discriminate between agonist and antagonist 
' ; ligands, a - response, of the receptor must Jbe : measured. 
■ .: Responses .to. agonist , activation . of receptors are commonly 
20 measured as altered activity of various endogenous cellular 
? proteins . , Exanqples include measurement: of second messengers : 
; such as cAMP (adenylyl cyclase) , : phosphoinositol metabolism 
v (phospholipaee c) , . tyrosine phosphorylation, and ion channels . 
: • AJ1. of these .assays require . the use of ceils and/or cellular 
. 25 preparations that have a high degree of biological integrity, 
and these assays include many coitplex , and expensive steps 
/ (Schlessinger and Ullrich, Neuron 9, 383 (1992) ; chapters in 
; : ' Molecular Biology of G-protein-couoled receptors . M Brann; ed. , 
^ /J; : Birkhauser (1992) ) . Y;-\.^V\V^ ; -.-v-* y ./S r : - 

30 A strategy that has been used to avoid the time and expense of 
■ measurement of endogenous proteins : is. to express, conveniently 
. ; .assayed marker proteins that can be controlled by activation of 
the .receptor. .. For example, 'receptors, that control levels of 
}. •;■ transcription factors , can be assayed using .markers whose 
35 expression : is , under; the transcriptional , control of these 
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factors. While this approach has led to convenient assays of 
receptors that are known, to function as controllers of 
transcription (eg. steroid/thyroid hormone receptors, Evans (WO 
91/07488) ; Spanjaard et al. Mol. Enr»^,>»i^ 7:12-16 (1993)) 
5 . these assays .have proven to. have limited utility when applied 
to cell, surface receptors, presumably because of the more 
modest transcriptional control that these receptors exert 

... Other than, the assays that are based dn transcriptional 
control, no approach has ..been described to assay receptors via 

10 recombinant markers that can be conveniently measured. . ; ' 

Another approach is to express the receptors 'in specialized 
cells that have, endogenous response mechanisms that allow 
convenient assay of ligand activation of the receptor" Two 
• eXaB5>leS include the RBL cells and melanophores. . in rbl cells, 
15 muscarinic receptors that, stimulate phospholipase c enhance the 

47 (1991)), ,a conveniently measured response. m 
; melanophores . (cultured pigment cells) cloned receptors that ' 
jij ^^ lan ^ e .^^^ ^ey^^ 8 ' a lter : cellular color, a response that is 

^ (iS) r'^r - (poten2a et ^.^i^m. 206, •; 

315 (1992, , . , .The limitations.. of these assays are that only 
, certain, functional; types of receptors can be measured. • Also, 
/•'•^Vf^"^^:"^'^ convenient, there are" 
. limitations inherent in the endogenous responses and cells that 
4-?. are used* ...*. . .. . 

■ ;-. When exposed to ligands; a wide diversity of receptors are able 
to alter. the^pH of the media that is used for. cell culture, " 
, These PH. changes, are small in magnitude and require expensive 
3oZ S ^^ ti0a f0rmeasur — * (Cytosensor, Molecular Dynamics ■ 
30 Cp , . This device is not compatibly with other, instruments 

' forlr Tk" S « e - in ?. (eg. use of -a;96:;well plate 

format) and because . samples, must be incubated within the 
, xnstrument . for several minutes, \there .. is . limited' sample ' 
•.throughput. . 



V A (theoretical limitation inherent in all of the. above assays is •.. 
:"\" ; ;the inability to jassay a given ligand against more than than a , . ■ 
few., receptors at the same time. For example, radioligand 
binding assays /can only be multiplexed to. the extent that 
\ 5 diff erent; and distinguishable radioisotopes. are available {eg. . : 
X^H^ versus' .Because of their limited dynamic range, . . 

/^ incompatible. assay conditions, and the fact that many receptors / ; 
t ; cannot . be . distinguished , from ; one. another based on their , 
■.•■ functional responses,;, /second, messenger responses, - and most 
10 other biochemical effects of receptors, aire not at all amenable 
V: 'to 'multiplexed assay. . Similarly, ; the "SBL- assay, melanophore j 
• assay, and Cytosenor pH assays, ^re only applicable to assay of 

a single; receptor at a time. '.y'^y. • V--^' : : './,; ,\ "*' : :\ 

^Another cellular response that is shared*by many receptors is . 
15 the ability to alter cellular growth.. NIH 3T3 cells are a 
f ibroblast cell line that has been extensively used to evaluate 
. /. . the activity of large diversity of. gene products that control . . 

/cell : growth, and a number of receptors are able to control the ; 
. activity of these cells when . stimulated by individual, ligands . 
20 Examples include nerve growth factor (NGF) which stimulates . :. 
.'7 growth otily when these cells have . been transf ected with trk > : / ' 
;;\ receptors (NGF .receptor) (Cordori-Cardo ■ et al, , . Cell 66 :173-183 . 
5: (1992) ; Chao, Neuron 9:583-593 (1992 ) ) , carbachol (a muscarinic 

agonist) stimulates cells transf ected with certain muscarinic : 
: 25 receptors . (Gutkind et «i - . Proc . Natl ! Acad. Sci ■ USA 88. .4703 
> (1991) ; Stephens ... et al . . /Oncodene 8, 19-26 (1993) ) , and . -.. 
V ; norepinephrine stimulates cells , transf ected with certain alpha x 
V' adrenergic receptors' ph al::^Pr6g] Natl. Acad. Sci. USA \ 

a"; ;\ '88, ;.11354; ;(1991) ) ; . After long-term stimulation with agonist ; . : ; 
. 30 iigands, the. cells chamge. bl number, of characteristics including ; 
■'•'!'"-C- : :ceilular growth, loss' of contact inhibition/ and formation of -' *. 
macroscopic colonies, called foci. ,: The 'ability to induce.foci ,. : 
in. NIH 3T3. cells . is Va . common-; characteristic, of ^ancer- ; : 
^associated genes (oncogenes) .. ; \v...\i • 
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5 . 



^ 7 reCePt ° rS ° ther ^ Products to striate 
growth and xnduce foci in NIH 313 cells correlates .with the 
stimulation of individual second .messenger systems." Trk a 
..receptors stimulate tyrosine phosphorylation (tyrosine kinase 
. 5 receptor), , and many other/ genes ; that stimulate tyrosine 
Phosphorylation, stimulate growth and; focus production in NIH 
3T3 cells (Schlessinger.and . Ullrich, 2^ 9 , 383 {1992) , 

■ 10 ficj_Sg& 88, 11354 (1991), and serotonergic (Julius et al 

244, 1057. (i 989) , Receptors that stimulate 
, ^ s P^se c, also stimulate growth and. focus formation in 

^ ability to^stamulate foci and phpspholipase c have exactly the 
15 same dose/response characteristics, . suggesting ^ that these 

lnZT B \ T ^ U8ed " aSSayS f ° r ^ 9 and interactions. 
Unfortunately, these assays ..offer few advantages to the 

a^roaches ; described above. Focus.ssays involve a responsl 

20 . r ?" reS ^ leaSt two -^s of cell culture, and are 
20 confounded by qualitative changes in pattern.' of growth. Direct 

effects of Ugands, The most commonly used assay is >H-thvmidine 
• -^tion,.,8t^n, et^l. to^ i, 1993 . pp .^ 26) V 
•.These ass 

25 otmm&ry of the iMvanaoN i ^ •{ ^0 

: , It^is^n object of ; the present invention ^ provide an iiroved \ 
V ■ ^thod for: identifying ligands for cloned; receptors . . ^ 

: It> another ^ect- of "the present, invention ^pr^de a' 
3b "Sf f r ld ^i^ing. ligands . by simultaneous screening of 
30 cc^ounds for activity at multiple cloned, receptors. . ■ ^ r 

: • m^ V^ th6r ^ ° f ^ 9ent .^tion to provide 

method; for measuring ligand concentrations by activity at " 
.'*-. clorxed receptors.. ' • 



,It is still further object of the present invention to provide . 
; : a method ."for. , employing recdmbinaht .signaling molecules to 
facilitate assay of ligands for additional cloned receptors. ^ 

Sit is .a still further object of .the. present /.invention to , 
: 5 provide , a method to identify :DNAs encoding receptors for , 
1 : ; ligands . ' ;■>. ;;;/;;, "V- -v'-'V^ ''V'^' ' '..."■>'■!:..' v;'V';'.:'?;. ^\;i^ v ; : / • 

■;H'it!" is y. ? a'; 'still;" further^ -object;.; of ; the present invention , to 
V;: provide a method to identify mutant - forms ; of receptors that ; ; . 

;:;\hWe.'.altered. i ligand T: dependence.-;y\:/;^.^ : 

10 Accordingly, the; presents invention . relates ; to :.a . method of -: 
. detecting a s\ibstance capable of acting as a ligand/. the method, ; 
/[•]': comprising, .;: ; \v ; : ■ - ' f :[{..- y\i t ' ,/■■.;• }.-, .; 

\V. (a) incubating, under conditions permitting cell anplification, 
cells transfected, with DNA coding for ^ receptor, capable of 
15 influencing cell , airpHf ication ; in response ; to; a iigand, the 
^cells\coit©rising' a marker of cell amplificat ion, /with a ./test 
; : substance which is a ; potential agonist or; antagonist; of ? the ;- 
;;V; receptor,;, and.;.;/ -.;',.;; ... ;•;•;. -i \ ■:■ '■■■':}:{ ■■ -/x- v.^V*.; , 

: t (b)7 Rafter f a period . of time suf ficient;; to permit / cell , 
; 20 amplification, ; ■ determining the ;.. presence ; or ; J; absence ij ,of ■ . 
■ -ia^lificatipn of ceils containing the iarke^ cells 

■"■■ V: -'"not- containing the marker. ''^^^ ' : \.:;/^v;/-"-'"v-V-c^- 

:■ ■ ;in\' the^ method .', of the -invention, '"[ a . mixture, of transf ected and.; 
: *v nontransf ected cells ; will typically be present, in : step : (a) . 
25 When.a test substance is ; added to the mixture,; its ability to 
:^ act as a iigand for the receptor of . interest . is ^determined in . 
: : "terms'-of its ability to confer a competitive advantage. oh the 
: ; cells ;. in the mixture which are / expressing that receptor, : 
o relative to the cells which do not express the s receptor . For 
: 30 exaitple, as a rule, whether , in vivo or. in vitro, • a : cell 
^ . population expressing a receptor will respond positively . to a 
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ligand by an overall enhancement of . cell function, one : aspect 
of wMch. may be increase in growth rate, or loss of contact, 
inhibition, applying this, observation to the practice of the 
present method, in vitro, ,all v cells in a culture are 
5 essentially in competition, with each other; when cells 
expressing the receptor , of. interest (transfected. cells) are 
stimulated by a ligand, the enhanced function of the stimulated 
: cells, will permit them .to flourish at the expense of the 
' >onstiimilated (nont:ransfected) cells. : . Thus , if the -ligand ' 
10 being tested is an agonist; of the receptor, the transfected 
cells in the. mixture will be preferentially amplified in 
; response, to : ; the . agonist, . in 'comparison :/ with nontransf ected 
: cei^s. in other words, the transfected cell population will 
expand at; a greater rate than will the nontrans fee ted ceils. 
15 In the present method, the .; transfected . cells are; 
■ - : distinguishable from ; the nontransf ected cells in the mixed 
^Kjpulation by the. presence of ^ marker : in the transfected 
cells.. Only when the transfected cells have been stimulated by 
. the test ligand will the amplification signal (the "marker) 
20 accumulate. ;• 

\ When the ligand is an antagonist, the action can be determined 
similarly, /but in reverse, i.e. , ; the cells containing the. 

.• marker, will be at a competitive disadvantage relative to the 
untransf ected. cells, the population of which will expand at , a 

25 greater rate than- the transfected cells. However, \ it 4s 
preferred that the assay tor. antagonists : be conducted in , the. 

:. presence, of an agonist, and the observed . effect is a decrease " 
; ■ in the amplification response brought about, by the presence of ' 

' . the stimulatory ligand alone. ■ . \ V'. '.. .„ • 

10 In another •aspect, the present invention relates. to a test" kit 
for. detecting a substance capable of .acting as a ligand, the. 
kit comprising, ". ■ - v •: 



SUBSTITUTE SHEET (RULE 26) 
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/V (a) frozen cells . transfected with DNA coding for a receptor 
; /■:/' capable of. influencing cell . amplification " in response to a 
ligand, the cells comprising a marker, of cell amplification, . 



,: (b) /a medium, f or. growing., the cells, \x ^ 

V*'- 5 (c) ; a reagent, for .detecting, the presence and quantity of the / 

;/ marker .\ ?V^f)vV : \v ^ W V vV-U' - ; ^.V '^^-f-y- >.•■•.•,••'. v. /■ 

■ f \ffliis test kit is useful for an embodiment of the present method \ 
. . in . which the ligand activity : of ..the . test substance (or 
*'•:■■ potentially a large number of test substances) is determined by 

v., 10 means of / a . single receptor/, (the embodiment of method of the / 
invention termed the Single Receptor Format below). . ; 

■ In a further aspect, the present invention relates to a test 
.: kit for detecting a substance capable of ; acting as a. ligand, 
the kit /comprising, 1 r c v :; i.Vv'^'V/" / 

; 15 (a) frozen /cells transfected , with DNA "coding /for a first / ; . 
receptor capable of influencing cell, amplification in response / j; 

: ;/ to /^ a ' • / ligand, ;/■ the/- -cells v comprising' a /marker ;of . ceill /.; 

//./;/;/ salification, /; /// i \-/- //:y!.'\-//^ 1 ^ : v.;'---/ : 

; (b) . frozen cells transfected with DNA coding for a; second 
20 reiceptor capable ^ of . influencing ceil amplification in response / 
'./ '- to a ligand, . the second receptor being distinct from the first : 
: : receptor cell, amplif ication, / 

:./ '/(c) a. mediinn for growing-. the. ceils ^\/.\ •/ ;V ' .-'//:/ /; / ./V'\V 

■/ (d) a reagent for/detecting 
'./ 25 marker..' l/''/: v : -//: : ^ \v -rl ^ 

.";..- = .'.*his. test kit is useful, for an embodiment of the present method 
; . / . in which the ability of the test substancie . (or potentially . a 
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large number of test -.substances) to, act as ligand to a 
specific. • receptor is determined by incubation of. the test 

■ substance with at . least two receptors, and potentially a l arge 
j n ^ eZ ° f rece P to « simultaneously (the embodiment of method of 
5 the invention termed Multiple >ecepto^ i^rmat below)". . • - 

; present/ methc^Jrepreserits a :s^ 

■ W 1 " 9 " S3ay - ° f > he Pri °^ ^ ^Pically; ; the known 
growth, assays, require : direct, observation of - increase of. 

10 IT^T e5tPre8Si °"' • ^/.^ally quantitative,:^; 
; ' S^r^ ^ incorporation of 

;;^^^ d *^ ™? a period of time as an indicator of 

. : cell growth. , . ,ln irany cases, - such .as ; focus .assays; the 
V ; ^«tpr;of,cell g^ focus f option, ^sough,:^ the 

15 ccZn^t 6 " : ^ action; it- is . 

^ S^v\^ inCt test i ce11 ^ control cell lines have to 
, be estabushed before screening ligands . C ah. begin; consistency 
of results is difficult to achieve when working with separate^ 

' '222 C ? — -;thus not . oiy time, 

^consuming, but >lso ^te c 0s ^ 

20 assay is essentially qualitative: ligand-induced enchanced cell 

: y" b^^ °^° Se CellS . receptor; is determined 

• ^ observation, of ; : amplification : of the : transfected cell 
population relative to the untransf ected cell population from 
2 the ; sa^e .culture, .^e amplification; is readily, confirmed by 
25 the observation of - the enhanced, expression of a ] ^rker gene 
; r ga r an -en^e which produces ^ visually 5 det^tabie^ product^ 
V; whex, reacting vith its ; substrate, i. the ■ transf ected^ells 

■ ■Separate control celi; : ^ 

: ; are observable, within ; a.^tter. 0 f a "few^s. : ; ; 

30 Definitions ." \' : "'. ' : \ ':■ 

.. -shall. be. defined as- indicated below. ; :: : v: 
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A "test substance • is intended to include any drug, compound or 
; . . molecule with potential biological activity.. -\ : 

■ A "ligand" is intended to include any substance that either 
^inhibits or stimulates the. activity of a; receptor. Antagonists 
\ 5 is defined as a , ligand increasing the functional activity of a 
-receptpr (i.e. -signal transduction through the receptor).. An 
/^."aaitagonist." is. defined as a . ligand [ decreasing the functional ' 
■^^'activity ■ of.;a receptor either, by inhibiting the action of an. 
agonist or by. its own activity. /. 

10 A. ■receptor", is intended to include any molecule present inside 
or oh; the surface of a. cell, .which molecule may effect cellular ■ 
1 physiology when . either inhibited /or stimulated by a ligand. 
Typically, receptors which may be used for the present purpose 
comprise : an extracellular > domain , . with . . ligand-binding 
'15 properties/ a transmembrane domain which anchors the receptor 
.'in the cell membrane and a cytoplasmic domain ivhich generates 
... a cellular signal in response - to ligand binding . {■ signal , 
.transduction"). In some cases, e.g. with adrenergic receptors, 
the transmembrane domain, is J in the ..form .of > up to several 
: 20 helical, predominantly hydrophobic structures spanning the cell- 
■; : ntembrane. and part of the transmembrane domain has . ligand- 
.. binding t properties ;.. )<■■ / : ;v '•;).: '•■•.v; ' v^ -V ■-■•■V -v-''^';v-vV: 

SA," tyrosine kinase; receptor", is intended ; to. include any 
! ■ receptor that has intrinsic, tyrosine kinase enzymatic activity. 

^ 25 A "tyrosine phosphatase receptor ■ \- is"-; intended to . include any 
■/V'! receptor .that : ' has - intrinsic / tyrosine ; phosphatase . enzymatic 

activity. j-'O'/v, ': V./-. '; : -^/"-V\ -^v;- V-* : 0' : -V •••=:.■. v ••■v.. \ ; 

^. A "chimeric receptor" is intended. to include any , combination of 
:-:.f: : ;' \two or more receptors where the functional, "signal transducing" 
. 30. component of. one receptor, is fused, to . the. ligand binding 
V* component of another receptor,. : ; ^ 
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'.. ./'.;. .:'.'■''■ - ■■ ; .; .-• n. ' ■: ' : : '■ ..." ■. • ■ 

A "chimeric G-protein^ is intended to include any . combination 
. .of two.G-proteina where the effector, binding component of one 
G-protein. .. is fused with the : receptor, binding component of 
another ..G-protein.' ■ . 

. 5 : 'Gq-i5« is defined &s ' chimeric G-protein consisting of the 
; .G-protein. Gg in which the five, amino acids.; of the C-terminus 
are replaced with the C-tenninal : five, amino, acids of VG.i., / \ 

' " Gi " ia : in ^ended tip. include any Grprotein which when activated 
in ^fkf ts thei enzyme adenylyl cyclase. . '•;'.''. 

10 'Gq' is. intended to include any G-protein which when activated 
V stimulates the enzyme phospholipase .c.'vV 

"Gar is intended. t:o include any G-protein. which when activated 
." 8t ^" ulates the .enzyme, adenylyl cyclase! \ 

A , "G-protein-coupled receptor", is . intended ' to include any 
15 receptor that mediates signal transduction by coupling with .a 
. " guanine nucleotide .binding protein, '','-v • ; . . - 

:A " G ~P rotein " is defined) as any; member of the family of ' 
.". ; heterotrimeric, ;. signal transducing guanine .'nucleotide binding ' 

. proteins. ■.' •'• ..'/ ; v. .'•.•'.'.=. •-.'•' ;v •.. '. 

20,-signal transduction- : ; .is : defined as. ^ the .process -by' 'which 
information: from ;ligand -binding ..to '.a' receptor /.is translated 
V;^to; Physiological ;-cha^ X : :-.'-r'.i; : • "' 

An: -oncogene' . is defined .as/any gene" that is.able to stimulate '■ 
v foous formation in NIH 3T3 cells' in the absence' of any. ligand.' 
.25 These genes are; often associated with cancerous tumors. • 

- "transcription; ;factorv;is; def ined^as; any' substancevthat 'is ^ 
: able to alter the transcription of a given' gene . /These factors 



;":;V ;^;; : ;/ : ; : \w6 95/02823 : ; ■:?;■:;'•:* V\)\'Jry'< ; X--: ; : ._ pcr/usMJionob. v : ": AV^: \' ; 

: are often proteins; that, regions of DNA; which modify the 

.y : "; \ ■(:•:- activity of a' prcnnDter^y-^X.^y ^y^y y 1 ■■■/•. ; ; ; : ;'.y-y : O 

: v y " Transf ection 0 is defined a3 any. method. by which a foreign gene : 

y> is inserted into a cultured cell.y, : ;V W/:y •■ * 

'^'y; '"V. 'yy - 5 A y" TOr Her M ;..ls defined as any substance.; thatj/can be readily ^^yy'. 
; y; • y : Measured and distinguished 'from other cellular ;con?>onents The : \:' V r- ~ 
: ■ • ■: th ?.. trahsfected. receptor . t)NA, the transcribed y^ ' y 
; T > ; ;i ; A : y receptor . nflRNA, an enzynie, a binding protein' or an antigen* * 

V V V y VA which has the .'-.yy'Vy y " 

; . : ; ■ ; 10 ability >o ; respond to/ signal! transduction . through V a : :gi^ea : ^\:/^c [ 
- -y receptor ; by cellular ; anplif icat ion . ; ;y ' 

: ^ "aliquot" -;/is . defined as . a v portion of transf ected cells'; '"y; "\. ■ 
^provided on a solid iaupport , e .gy a microtiter plate, test tube - ? 
y yy- or microbead. ,;'y>'" y ; .yy- - l ;;-;/'■ / . V-".V ; V-y'y ''y: V..' : : "'■ : ^ 

15 B Amplification*. is intended to indicate the growth of receptor- 
y .'/transf ected cells, in particular relative to the growth of non- y 
/-y y u ":■ '^yyy^eceptor-transf ected cells. ; ; y^'^y yy ';■ 'vy-i ' 

' ;■' ' ■ " Altered .. growth !;characteris tics "X; is y' intended • to."'.-' indicate 1 J y : y- V. ' 
V enhanced or , decreased., growth of receptor-transf ected cells ■ V . L ) : 

^ : K 

'■; \ together with transf ected cells ♦ Cells incubated with 'y , ■ -y 

■\ } : X : A -by : enhanced growth : or,' in y-.'C^ :^ \ 

; - soxhe > cais;e^s , v 0 format ion* pf ; foci • on-; the J culture /plate A Cells ^;';y?'!.i 

■ VX in P^ ate ? . wi ^\ ^ y^ '-V' 

yy V- ^ y 25 decreased growth : : i^'X;y } : c\y^k--'^ 

'' ; - '.- 'v x <, : utility ■ ';f. • v-\ i ; .y^'y;^.y :'^y:; -y; : y •• • : : : y-' . 'y^^V; ' ^ V M; ''-i;'; v .:: y'y.: 

Al\:'^''^r}. .i' ' <I ? ie ; y^ 3 ^ ^invention is based on ' the ability of certiain ^ ; -l^y 
: . ; H receptors ';. to. xnbdulate cellular growth in a ; ligand-dependent ; X 

Vyj fashion. . The present method ihay be employed in two formats In . ; ' ; : ;', .y 
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the Single Receptor Format which is particularly applicable to 
the. detailed pharmacology of a single receptor, the ability of 
.ligands to selectively induce . the growth' of .- receptor- 
transfected cells has been linked to induction' of "convenient. 
.5 markers. The Multiple Receptor .Format vhich is applied to the 
./.- assay of potential ligands against a large number of receptors 
. simultaneously, utilises, the ability of ligands to- selectively 
xnduce, markers, that are : unique -to/individual, receptors in 
: , cultures which are ndxture, s of cells'; transfected with several 
10 receptors: .. '•'//• . :; . ■ ..\ / .;■ ;'.:'•>: /•;-;■•". ■.- 

The Single Receptor Format allows /the convenient assay of the 
: . interaction ^ of .agonist and antagonist ligands with individual 

receptors.. The Multiple Receptor Format allows, the convenient 
. . assay of the interaction of agonist and antagonist ligands with' 
15 several receptors at the same time. / : ■ ' . . 'AAv -. . 

^T^/ Single Receptor Format involves very few steps; no 
. pensive reagents; ability to quantitatively discriminate 
partial agonists, ; full agonists, and antagonists." Because the 

,« '' rel - S > ^^^ ^^recombina^t, receptor and 

20 marker DMA, the assay can be performed with a wide variety of 
; ; receptors, markers and : cell 

> Properties , • th e ; Multiple Receptor. Format represents /the only' 
^ method known to; the inventor Wch; can; be applied to screening 

,. for yligand :, activity .against large / numbers '.- of : receptors' 
25 si^i t aneously. Thus, / the ^Multiple ' . Receptor -Format / is 
; .particularly. suitabU/^ drug; screening progra^ne 

. wherein; .hit S .;.(that/is, substa TC ^^ 

. .. be, , identif ied, ^quickly / from/ among /a : large, number of test " 
■. subtances . . r; V- . / ; .■'•:'«■.■..':'''•"•••■-".■.:■ V • 

30. Receptor-based ; assays^ /canf be' its** '" ■ to " ' evaluaS : W ' 
, concentrations/of Impwn ligands . The ligand to be measured may 
be incubated, with transfected. cells according to the present 

•-, method,; -The; • major difference between chemical or 
■ immunologically based assays.' and receptor-based assays is the 



}''■•' :':'[ VWO 95/02823 \ -'I. \ VCfVcV ^'"'V;7,- ''■'•':) . ^.v : - ; ;* '■^ ^'■PCT/USW/07WIO '; ; "\v--;" --'-r. v; 

; ; ,/ '' : fact that receptor-based assays . measure the functional effect \ 
. : . of . the ; : ligarid. One Z application ;of ; this feature is in ; / • 
\ t pharmacokinetic analysis "of xcartpounds . In these assays, 
receptor-based assays would detect active ^ .metabolites that may . . . . -; 
~ • ; be missed by; ch^nacaI ;or iinmunologicai techniques • lieceptor^ . V ' 

7: based assays would ignore inactive metabolites Such data would .. v : - 

be very useful in evaluating the role, of occupancy .'of a given. V; - 
:.;.'receptor in the therapeutic ef feet of test compounds. - Another . v ' ; . 
^ ; applicatipn of this .approiach is to identify the pharmacological : / . ; 
10 properties of bodily fluids where drug:history is unknown.. One 'i.^.^y.'^'';/. 
: such application would be , in illicit drug testing. In this : case ; ^ 
blood could be tei3ted for ability to activate: opiate /receptors. J. • 
^" . - to determine if an idividual had consumed one of many opioids . ■/ 

Another, use of the present method : could be •* to newly clone ; 
; : 15 . receptors to, given iigands.from cDNA libraries ^ Pools of cDNAs 

/-.from a'.cDNA library may be screened for activation by a given / ; : 
i ligand. Which cDNA in a. given pool that "encoded a responsive . 
V ; 7.; preceptor would be /identified by transfecting each. cDNA in the ' ' 

.library until the 'respond : ; v 

20 strategy , would be . analogous .to . that illustrated / in appended : 
'•- • ; ;. /./.V;: '. './figure' \ 11, ; except 7 that ; iui^ovm^: c used' f or . the. ; ; ;-\ : '\Z 

-"'■}". ;;>. f-v transf ections . ?fv ;. " f v ; >::&>:, f\ r : i£ > ■.. ;-v/ : ;f £r?^^K V V-'"*" v • X/>- -V : 

v In a .further use of the . presentV method, libraries^ of a given \) 

from • 

25 several; individuals,; .tumors, V tissues,; ■ or /randomly /imitated ■ ; : 
/^ /'•/// >; pools;; These' libraries of cDKLAs .can : : then , be 'screened; by ; i ; A; . 

•;;■ ;;A>;transfecting pools ; of DNAs into * cells, and growing the cells in;;. 
l^Xr^ the presence, or absence of ; ligahd.;/rtiis strategy is.; likely to ;/ - 
; ;.. ./ V// ^ ; applied/ to;; identification of \; 

30 constitutively . active versions: of . receptors ; (e.g. /. certain Vv/:/.\\v/- 
•" 'V% : "v : oncogenes) /v-^X./VV..^ :-. \\' : [ :: /^;:,;..v"-V ; ' 
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in one embodiment, of ; the present method, cells are transfected 
. with DMA encoding a single receptor. '.• 

. Transf ection may be performed .according' to known 1 methods . In 
.general, a ,DNA sequence encoding a. receptor may . be inserted 
5 into a suitable, cloning vector, which may conveniently be 
subjected to recombinant DNA procedures / The vector may be an 
. autonomously replicating vector, i.e. a vector which exists as 
.. an •. extrachromosomal ; : entity, ;the .replication:; of which is 
. :v independent • of chromosomal : replication/ V.i • piasmid 

10 Alternatively, the vector may . be one. which, when introduced 
a host. cell. ; is integrated into the host cell genome and 
replicated /together , with the. chromosome (s) : into! which it has 
been, integrated. •..';,■.'■.•;■>■'•'■ -V v.V-. ...".> 

•V. in the vector, jthe DNA.sequence encoding tie recep^r should be 
15 operably; connected . to a suitable, promoter / sequence. The 
promoter may be any DNA sequence which shows: transcriptional 
. activity - in . the host cell of choice and may be derived ' from 
; -genes encoding proteins either homologous or heterologous to 
^vthe host cell. .Examples of suitable, promoters for directing 
20 the transcription of the DNA encoding the. receptor in mammalian' 
V .^cells are. the SV40 prcm»ter : (Subramani, et. al. , Mol. Cell Biol ' 
. 1.(1981), .854 -864), the MT-1 . (metallothionein ^gene, promoter' 
(Palmiter et al. , Sciende 222 (1983) 809 - 814) or the adeno- 
virus 2 major late promoter, •* v : :/:/.. /^ r//- /v //•••• /;; ^- '[ 

25 The/ DNA. .sequence ^ 

: . connected to a suitable terminator, such^as the /human growth 
hormone terminator (Palmiter et al. ., o^ ^ . -^ vector may 
...further comprise elements such as polyadenylation signals (e g '< 
^ f rom SV40 ; : « the .adenovirus 5 ,Elb \ region), - transcriptional 
30 enhancer sequences (e.g. the SV40 eniuuicer) • and transiational' 
: ^.enhan^e^seqjiences.te.^ 

The yectbr may;; further comprise; a. DNA sequence 'enabling - the 
vector to replicate in the host" ceil; in question: An example of ; 



such a; sequence (when the host cell is a. mammalian cell) is the . 
SV40 origin of . replication. ':;-..= /.J: 

: The procedures . used to ligate the DNA sequences coding for the . 
^;./.V;;!.recjptor f : the promoter and the. terminator, respectively r and to * 
5 insert them into suitable vectors/ containing ;the information . 
. necessary for replication, are well known .to persons skilled in .' 

the art, (cf . , for instance; Sanibrdok et al. , Molecular Cloning: 
. ' ! . A Laboratory Manual . Cold Spring Harbor Laboratory,: Cold Spring 
Harbor,; New; Yqrk,\1989) ;* ; '% V--' ; V:W : '^\'/ " : ''^V/ 

10 Cells which may be;used in the present method, are cells which,; 
.-..^'VV-axe. able to. respond to signal, transduction through; a given 
i-./Y preceptor by cellular gtowth. : Such cells, are typically mammialian 
• cells .(or ptlier.eukaryotic cells > as cells of lower life forms . 
, generally lack appropriate signal transduction pathways for the 
: 15 present purpose. Examples of . suitable ceils are cells of the 
. , mouse fibroblast cell line ,NIH 3T3 . (ATCC CRI* 1658) which 
. . / respond by. growth to Gq and tyrosine kinase receptors as well. 

as oncogenes (e.g. ras (cf . Barbacid, Arm. Rev. Biochem.' 
. ; 1987, pp: 779-827) or p53), mutant G proteins ; (cf . Kalinec ,et ; 
V 20 : al . : Mol \ ■ Cell . piol . 12, 1992, p. 4687) ; RAT. I. cells (Pace et 
^f, al): : Prod; Natl. Acad. Sci. USA flft;- -19 91 / PP . f 7 03 1-7 03 5 ) -which 
> respond . jto ., ' changes j in cyclic , AMP mediated ,by . Gi and Gs 
; ; receptors; and pituitary cells (Vallar et al, , HatllEfi 22&, : 
1987, pp., 556-558) which also respond to; changes in cyclic AMP 
25 mediated, by Gi and. Gs-- receptors. \; : y::/ A'-.': 

: : Methods;; of transfecting mainmalian .cells . and expressing. DMA 
;'^Yvf sequences introduced in^the cells are described in e.g. Kaufman ;; 
: and; Sharp, 1 J.' Mol./Biol. (1982) 601 -V 621; Southern and 
. V> ; Berg, J Mol. Appl . Genet . 1 (1982); ; 327. -.341; Lcyter et al./. 
^ 30^Pro<L Natl.: Wd. Sci.rUSAlSL; (1982) , : 422 - 426; Wigler et al., . 
;'; • Cell 14 (1978) , 725; Corsaro. and Pearson, Somatic Ceil Genetics 
(1981) , 603, Graham and van (1973), 456; . 

^\ J -\:i;^NeiJTOrai.et al/, EMBO J. 1 (198!?) , .841 -. 845; .and Wigler et al. , 
M/S':: Cell; H, ,1977,, pp .. 223-232 .7 V ;\^=^w r ;\\ : /}- - * -': S- ^ 
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-The DMA sequence encoding the receptor inay ' encode' a tyrosine 
. . kinase receptor, such as a colony stimulating factor 1 (CSF-1, 

platelet-derived.growth factor (PDGF,V epidermal growtk factor 
. (EGF, , transforming growth factor " (TCP) . nerve growth factor 
5 (NGF), insulin,, insulin-like growth factor 1(1(3-1, receptor, 
etc. ; a G-protein coupled receptor, such as a ^i-coupled; Go- 

,; (e,g : the subtypes ml, m2, >m3, m4, m5), dopamine receptor (e.g ' 
^ the subtypes ^>1, ; " D4, D5 ,, opiate; receptor (e.g. the 
10 subtypes P -or 6) . adrenergic receptor ; < e.g. the subtypes olA 
; ■; «1B, alC, a2C10, a2C2 , : a2C4, , serotonin : receptor, tachykinin 
. .receptor, luteinising hormone receptor or thyroid-stimulating 
' .• ho We rec e ptor,(for further information on G-protein coupled 
preceptors, vide M., ::B rarm,(ed.).: Moiecm^ ^:., v 
15 Coyp^d ^PTV-ory Birhaus^ ' ^ y. • 

:.. .. ; Receptors ..Uncouple to '^^^fii-'^^^;^'^: 

p-gal when expressed with a. chimera' between Gs and Gg (eg ' 
: • Gq ' S5 ! • V," ^ternatively, .cells "that; respond U & changes' in Gs 
.: 0 iv 1 ty ;or .e i MP ;: c O uld be used instead of.the.NlH 3T3 cells. 
20 Lxkely- candxdates. are BAT 1 ceils, where. cAMP. is' known to have 

sig^f lC ant effects. on cellular g^ 
VC;A Sa d_ fis ^;: 8 8 : 7031-7 O 35; (1991, and i certain pituitary ceU • 
; where growth, insensitive ; to changes in the Gs pathway 

^ (Vallar^et al, j^m 330:556-558 (1987, K A third possibility 
25 is to prepare: ch^ric^recep^ 

? f ^: G3-coupled Receptor is : fused : with the 

,^otein ;; c^ receptor^ ^Such 

. v,ch a meras,.have;,been. y xeported^for tmi ^muscarinic ;(Gg, ; and B- ' 

30; 

.:: Several preceptors; have .rec^ 
. . ; have . intrinsic ^tyrosine rkinase: activity,:; but : are-abie to' 
. stimulate, the ... activity, of tyrosine ; kinases . endogenous ' to 

« — 8 ^ Cludin9 m ^ >lls./ ** ex^e is the "" s 

35. GM-CSF receptor which .. induces . foci; in^NiH : 3T3 .-cells when ■ 



. . (Areces et al. Prod Natl. Acad. : Sci. USA 

■ ,90 :3963-3967 (1993) j ; Like the tyrosine kinase /receptors, ; 
'.rV-'these.'rieceptors may be assayed by the present "'method. ; 

^^^^ .v receptors have been identified which have , \' 

: - ; : i 5 intrinsic tyrosine phosphatase activity . For use in the. present } *,;■ ■//' 
method, . tyrosinie; phosphatase receptors may co-expressed \ ;J ^ v 

kinase receptor . *\lt is likely, that : '/' : X-\ vt"; • 
. . these receptors / could reverse tyrosine : phosphorylation by 
O' r/tyros^ine kinase receptors, and thus .inhibit signals mediated by 
Y> -V-v".- ; /IP these v ;receptors..;^;^ - ' V 

. ; ; : ^ ^; j - Transcription factors 

, -v "•■v : ; ' where -; the DNA binding 'target -of • a transcript ion .factor is : {; ; ; 
Wv" engineer expression of a gene that stimulates 

*-■]'■:>•'■/ /-y.".': ^ cellular, growth. -"...iaius/",. if a ligand : were to suppress the ;^V. \ ; 
: ; : 15 f lanction of the transcription factor .( or. : canipete for, the DNA '.. 

binding site) , expression to the. growth controlling gene would \ 
r be suppressed (Spanjaard et .al, Mol. Endocrinology . 7:12-16 : 

- ■ : ; ;(1993)). ' > : :< V --"^ • • '■■ >..V' : '•' 

v.. v;-* ;■; Receptors of .^the' : '- : --.retinoic.y acid/steroid ; super 1 family of : v.; ; : 
: ; : 20 receptors ; could be fc assayed by preparing chimeras between .the//. .;.;*■:•.?' 

li^aiid binding portions of these. receptors,; with proteins that . / , v . 

. v/X/. ^ ; stimulate; cellular growth by acting as transcription, factors \ >.. . Vy 

Chimeras between the glucocorticoid receptors and the oncogene \ v : 

•;*•*.*•.■ v-';c-f os allow glucocorticoids, to stimulate foci, in NIH 3T3 cells ;* V. 

\;- [ :•; 25 (Superti-Furga et al . Pypc ^lU , Acad . ' gffi . PSA 88 :5114-5118 ^ V 

■; Many gene products . that. can. induce ligand-independent . growth! ; . 
y .fy-,;' may also be conveniently ."assayed by the present method. Many _'. ; • V;-.\ 
: : V; ■ - proteins that induce ligand-independent growth are mutant forms . 

30 of receptors. Examples .include forms of V the^ trk A receptor, . . ' .' : 
^ '\r-i;'.;" mutant . forms of .EGF, receptors, the neu. oncogene (Wong et al. 
y -y-:'"yProc:' Natl-: Acad: Sci. USA -89 : I 2965-2969 (1992 ) i Schlesainaer : '. • 
• et \ai. Neuron 9:383-391 (1992) ).' Also, many of these proteins. ; 
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. are nmtant forms of . ; signal . transducing proteins . such, as 

G-protexns (Barbacid Ann, Rey, Bi or!l ^. , 5 6:779-827 • (1987)) m ■ 
. Prxncxple, . the, advantage of the' present method in this 
^application « that general- effects of compounds pn growth can- 
, . 5 be. distinguished from specific effects on the activity of the- ' 
,. oncogene, ;, ; This ; ; nay be achieved^ by " measuring overall cell 

, growth^ viability/of ^^^^.1..^^; 
, -specific, marker; present in the : transacted pells. /since the 

.10 growth must be nonspecific. ■:. ' : 1 : ., ' " 

It is further envisaged that the receptor aay be a ligasd- or 
^r'T 3 . - ".ana-gated ^chsnneis isclud. 

>15 ^ " reCeP " t3 ^ oek ^ ^type.,;- subtype 3. l U » ; 

r ^ COr ° rthe =>»W that Jcuses : ; 

. £«bro3«. Voit.ge-s.ted ion channels include subtype of 
potass*™, sodium, chloride ;or; calcium channels (cf Lester 

; f^m"88 t p. 1 o 5 , ! Kicou. ^ ^. 19 a ' ' 

i 20 cohT- ^ ^».,,c.ll,; ^ be incubated unde^ W 
: ; . yie ^,:? , »« ■ =tonae in ion flow, »e cells could be 

r™rr r,^ 1 °» -11 ^iif ica t r 

. For example, calcium channels my be assayed by co-transfecting ; 

te^w' 0 ^ Prt ' SO,,C , " <!tta! ' activity of the 

test substance say be determined, by an enhanced effect „; the 

30 to T„ 0r i°* ^ ° £ "^or-tr^fected cel,s reLt^e 
30 o a background of ceUs which have not been transfer 

preceptor. Mthough an enhanced effect ^y.be ssasurec , ' 
"ther an increase or . decrease in growth, the enhanced' effect'.' 
dI r f^J e!:eP " r °" » Wst is mostusuaUy ' 

' : ££^W^-*»»*»i* « "- Wo-transfecte^ ; l 



; According to 'the present method, any antagonist; activity of the 
' test; substance may be determined by inhibition of the effect of 
A :"' the receptor on growth of the transfec^ed cells relative to a // 
; . background of .cells which .have not been transf ected with the 

• 5 receptbrV Although an inhibition of the effect; may he measured / / 
; ; Vas either an increase", or decrease in. growth, ' the inhibition of 
/;/^the/'ef feet "of the /receptor ,/ is /^ an ; ^ 
•A-.A. inhibition of -a^iiiEicatiohof the receptor- trails fee ted ^ cells . ^ 
/// In a particular • embodiment , , the . test substance ; is ■ incubated : • 

lb with the transfected cells . in the presence of " an ! agonist, of . : 
. : receptor stimulation of . cell 

• cellular, amplification by the agonist shows.. the presence of an 

. 'antagonist. !^ . •! 'c - ^ . ?\v.*: . *\: - :t 'V-..0" ; . . V » *• .V'-A ■V"!**"---'* /:V; t K- .; ;\ 

v . 'sin'- the /transfected cells . the -marker may hf the transfected 
,15 receptor. DNA or the. transcribed receptor iriRNA. The presence of 
/receptor' DNA or/mRNA may be determined by DNA amplif ication 
V, and/or hybridisation techniques . v ; >. 

For. hybridisation purposes, DNA may be isolated from the cells 
: and digested with a suitable restriction endonuclease. . After / 
20 digestion,, the resulting; DNA ^fragments • may b^ /subjected to /, 
■ electrophoresis on an. agarose gel • DNA from the gel may then be 
■ . blotted. . onto a nitrocellulose; filter . and hybridised with a 
; radiolabelled oligonucleotide probe. The. probe may conveniently ; 
. j ;^;cdntain; a DNA fragment ; of the receptor gene /(substantially 
i ,25 according to the .method of E M. Southern, Cf , MqI. fool, 2&, 

- ; "^1975,,^^ a 

V - For" amplification purposes/ total iriRNA isolated, from the, cells 
;. may .be reverse *.'" transcribed ; to prepare a • cDNA library /cDNA . 
.eiicoding the receptor may then be airrplified by polymerase chain , 
: \30 reaction (PCR) using oligonucleotide- primers . corresponding to . 

•/ segments /of the: gene . coding for receptor ^ in question - arid 
/-/// detected by size on an agarose gel ...Amplified receptor rf c3)NA may 
' : ; / ialso JAheA detected; by : hybridisation to a' , : radiolabelled 
/oligonucleotide probe comprising a DNA sequence corresponding 



WO 95/02823 



PCT/DS94fl)W00 



•21 



t0 at le ? 8t P^t of the geneencoding the receptor / This method^ 
• XS5 . described by/: e.g. ,. sanfcrpok et. a!;, S1XBS&. ;. { 

y;i - The ^rker -W^aiso be.;.^ 
. . antigen.. In . this case, the cells are transf ected 'with a DMA 
5 sequence encoding the marker, in' question:':':-: • ';':- : "' ; 

., ., /. Examples of enzymes useful as markers 'Wre 'phosphatases ■ (such as^ 
,• ... acid or alkaline phosphatase) , E-galactosidas^ urease) glucose ' 
■ • uwtidase, carbonic ; anhydrase, ■/ acetylcholinesterase," 'glu- : ' 

> ft °°^ la8? ' ; ■ ma ^^ e : • '•'. dehydrogenase, £ glucoses-phosphate^ " : 
10 dehydrogenase, S-glucosidase, . proteases, Z* ^pyruvate- : tfe- • - 

• carboxylase, esterases, ' lucif erase, alcohol, dehydrogenase, or^* 
• ; ^ r0> ^ d ^ es :.. ( ^ uch ^ aa . ^«e^ dish p e^da ae) ; ;. v ',: 

; To visualize enzyme activity in the present method! a substrate?" 
V must be: added to catalyse, a, reaction the. end product/of which 
15 is detectable . Examples of substrates which may be employed in 
, ; the method according to the! invention include o-nitrophenyl-p- 
. D-galactopyranoside.; 5-bromo-4-chioro-3-indolyl-p-D- ^ 
. . 9 al a<=topyranoside, chloronaphthole, ,o-phenylenediamine, 3- (p- ^> 
, - ; hydroxvphenyl) ; propionic acid, luminolV indoxyl phosphate; ' p- 
j 2pnitrophenylphos^te v ; n ;, 

u«toelliferyl-D-galactopyrano S ide,j HA/tetramethylbenzidine or < : 
:. lucif erin. \'^y v -'\r:/\'Yi\^\-['<\y'' : \\y-:'-- /.v.- : o •: : : •. 

Bxampl^s^orbindingproteins^ 
^.method are avidin or streptavidin ; which ; may : be detected with^ '' 
,25. labelled biotin. ; Suitable sustances; for labelling biotin may 

: fluorescent tags, (e.gy fluorescein^phycoerythrinV Wcocyanin) 
or, marker en^ 

above) . , Other, possible binding;; proteins / are"- lectins' V in -V 
.^particular plant lectins such as lentil :lectW W »heat lectin: • ' 
.30 Lectins may be visualised by means of carbohydrates capable of • 
■<\ binding, to : the respective , lectins^ ;Such ; carbohydrates may 'be " - : 
, . labelled with the, same . substances... as described'; above for ■■ 
■■; '-.biotin: ■-, .- = -'-v. :.-:'•.'';."•. •■•','■- -v,. : '•; •-■•.■■■':.'•:.■ .v.; . ■/ 
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Examples of. antigens which may be used in the present method . . 
J\ are : HLA . or c-m/c Antigens may be / visualised by .'.means of • 
: . : labelled antibodies reactive with the respective antigens. The 
;• antibodies may be labelled .with . the same substances as those 
• :-;-5 described -above for bwtin./".^^ :}'/':'- 

V The marker is -\ preferably , an v enzyme, > in particular , [}- 
/. galactosidase encoded by .the ..£./.- coli lacZ gene,- or firefly 
, lucif erase. .The DNA, encoding the ; marker enzyme may be' present . 
: . oh .the vector / which ,. carries the v receptor . DNA, ; or 'it-, may be . . 
,10 present on ;a separate vector which is then co-transfected with . 
.the 'vector, carry ing t Jthe .receptor DNA J -V..v: : ;y 

•■;.'■>; In a "particularly: preferred entoodiment. of. the, single receptor 
£;.■■-. format,: the present method .comprises ;c yy : : .v.v;-' 

. . : (a) transf ecting cells ^with DNA. encoding the receptor and with \ 
15 DNA' encoding a 'marker. ehzyme, ;}'v .- •■ ''-V^'-: ' }' r \ :; 

\ Xb) dividing /the trahsfected... cells '■ into several identical 

aliquots^-V:'"' '•:-?v v -:y; v , • • :;-/v ' \ : :v ; '^^1 ; : A v/;v'"i^ ^^/r^v::- / • 

.. (c) incubating each aliquot .'with one or more test ; substances;, 
*-v. V ; f or . a period', of , time sufficient to ;^ distinguish . between 
^20 stimulated and. non-stimulated receptors,.; :and,.;/.;> v ';: .;: t : "; 

: . v ; . (d) t determining any change in cell growth lay measuring marker.. 
v..v/;--.-enzyme ^activity '.'in^. .eachvaliqubt v. 1 "-/; >.>Ms^^yy:^>^ : ':: • 

To control for non-specific effects ori cell growth in step, (d) ;■ 
; the amount of marker enzyine • e^ressed by. stimulated cells may 
25 be. ;: ; .co^ared ■ t v- a / , second i : and • easily 

; distinguishable, marker enzyme . t expressed by : non-transfected 
■ ; cells mixed . into the culture Jtefore ; additio^ 
vy: i substance. The, advantage of fusing twq .different, -enzymes as 
markers according to the method -of ; the invention is that the 
V .30 time: needed . to> distinguish , between stimulated and . ; non- 
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{; stinualatecr cells is relatively brief.' There, is- nc.. need to wait 
for several days; until foci have formed on a.culture plate and, 
.-in Practical ..t e r ms ,.the,distinction can. be »ade before it is 
• 5 t0 . the- medd^n in -the plates. Furthermore, if 

. :;5 .the ^nzy.e..; reaction; .is.; chromogenic or. ^luminescent;: ^ no 
separation of ^ 'substrate : is. required: be^re^etectipn; ^fe 

. cell growth as. a convenient assay of . ligand. interaction with a 
^..sxngle. receptor,, A . high concentration of receptor ^^and a 
10 convenient (^.^^ for^galactosidase) ! are' 

;. . ; used to,. tran ? fect=: Kll, ; 3T3 , cells/using . calcium •phosphate 
, . ; Precipitation, .Alternatively,^ receptor and ^erco^ 

. mnorxty of cells would, actually ; be, transf ected, ' and i the • 
15^ority :: of.;transfected; ; celU ^ 

the . cells would have similar growth, characteristics; and in 
: : theory, the amount of. narker found in the culture after a given 

20^ cells- that ^ere.nitially .transfected wit^the^rkery if 'the • 

• cells a« incubated in the presence .f V ligand that: stimulates 
^the recepto^ , (agonist) ,; ; the;recep^ 

, haye a positive growth advantage relative to^ther cells in the ' 
a^res^ln^^ 

- S V- T rk6r ' •> W« ;^. °f .marker will be increased ^ 

.; ^hpuld.be taken to mean^ that statistically, 'each cell has been . 

- .obtained, by using only small .amounts; of/ Receptor ^ ^r 
.: , transf ection.; so/ that ; the m.: encoding. .any ^one/ particular 
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receptor; constitutes only a small percentage of the, total DNA t . 
V used for trans feet ion,, for instance by using carrier DNA or by 
^traits fee ting -the cells: -simultaneously : with ; a / number .; of 
. ^..different receptor DNAs, In the latter case; very few. of, the . 

5 cells will be transfected with, more than one receptor - DNA \], 
W - although it cannot : be excluded that other receptor DNAs may . 

.also .be present, in minor quantities, in some of the cells, 
v.; ; However, only the cells containing a receptor stimulated by the ; 
;•; ^particular ;. ligand ; 'added to ..the cells .will ^v. be, /amplified • 
-1.6 according to the method .(and thus become visible in the assay) 
; w As ah alternive to this ..procedure, separate cell . cultures may 

be ; transfected; with each of the receptors . and, subsequently .-. 
..Q mixed before addition of > the test substance(s) ; ■V-v;":-: 

; . Transf ection procedures are otherwise • as described . above \ for 
15. the. single receptor format. Likewise, the receptor types used 
for transf ectioh are. the same as indicated above.. Because the 
strength of responses are related to signal transduction type, 
I ; the best, results would be obtained by testing receptors of the. 
: . same class together, e . g . Gq-coupled receptors • such as alA, B ; 
' 20 and C adrenergic- receptors, ml, m3 arid nS muscarinic receptors, 
i -\ S2 ;. and. 1c serotonin receptors r. Gi-coupled . receptors such as m2 .. 
y and ^ m4 „imscarinic receptors, f D2 and D4 ; dopamine /receptors, le 
■■O.i^and Id serotonin receptors; ;trk A, B and C receptors, EGF and 
V\\-HX3£.- receptors ;..!;• adenosine ; receptors, 02 . adrenergic receptor 
25 subtypes, 'somatoistatin;.. receptors j opiate \x and 8 receptors;; 
bncogenes such as ras, p53, neu oncogenes, or oncogenic forms 
; ; of the trk, EGF, FDGF, etc. , .'receptors. ■'■• : ; t :iX t -\:ks \>\ 

\ Suitable .markers ; are : desert may be 

;■>;:,■/ 7 part icialariy advantageous ..to include different markers in the 
; 30. method of the : invent ion. such that ; cells expressing a given 
.;-/j/:.^rieceptor ; aisb express a marker which is distinguishable from a 
; ; /.marker expressed by cells transfected with another, receptor . (to ■ 
/ ; . xiiaice i t ea s ± ear ; to distinguish between the different receptors) . ; 
? . . To be distinguishable, enzymatic markers should not overlap in 
. 35 their substrate specificities- (e.g^; alkaline phosphatase and {$- 
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. : galactosidase);. The substrates' and detection- mechanisms should'.- 
therefore . be selected, for assays that can be; distinguished " 
(e.g. alkaline phosphatase to gi y e a black. reaction product and 
.. P-galactosidase ! to give) ;a ; yellow: reaction product) . '., 
■V 5 Alternatively, chxompgenic/and;^ be : 

^.combined (e.g. p-galactosidase and firefly lucif erase) in this 
{ ca 8e, ; the • reactions may .easily - be . distinguished., because :'p-> 
. galactosidase yields a . chromogenic product when reacted with o- C 
■ nitrophenyl-p-D-galactcpyranoside, while lucif erase - yields a • 
10 luminescent product; when reacted with lucif erin. Luminescent '- 
reactions have the added advantage of yielding a labile product" 
■ V. (light).. Thus, several luminescent enzymatic reacti.ons nay be : 
• ; - performed sequentially in the same reaction mixture. 

; In one particularly preferred :.embob^eht/ /of '' ; the "multiple / • 
15 receptor format,, the present method comprises " : V^' 

;(a) transfecting cells with DNAs encoding two .or more distinct \ 
receptors,. ;/:.■ each ; ;transf ected; cell expressing an' '! individual ; '< 
rece P. tor ', and with DMA encoding; a .inarker - enzyme; ; V: , : yr^ • v :' ;f ; 

;-- :; v' (1?, - : Riding . the transf ected Vcelis into several identical ■ , 
•20 aliq^ots, ■Vr 1 ?- : '/.-'-M ; •. ;•( ,<:.—•: ■ : 'V : /.>- ; >V/:v\ v ''' 

;j •. lc) incubating each aliquot with one or more test . substances •.' 

:;;:V f ^f^a. ; yperipd ^bf.; tW/sufficient > to:j;didtL^A;--b^eea^-' 

- (d.V /determining any; change" in' cell -growth by^measurinV ii^ker^ •■ 
.25 enzyme activity in each aliquot, /identifying' active ' ligands by i 

-Ue) identiryiiigjw^ 

. ^subjecting each receptor, to the method described abc>ve..in steps S 
: (a)~{d) of the Singl e ; Receptor. Format.'.;. ••'•; ..! 
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:. In another particularly, preferred embodiment of - the multiple Y" 
/ receptor format, the present method comprises Y; \ ;Y Y Y , r. . 

v (a) transf ecting cells with DNAs. encoding two or more distinct. YY- 
receptors, - each transf ected .cell expressing • an individual 
. 5. receptor, and with DNA encoding a marker razyme,' , ■ >■ . 

; : . >{b) ' dividing the . transf ected cells: .into 'several identical 
- Y.'; aliquot sY Yr \ '' Y-o Y; j Y.Y;/ Y v - ;YY YY Y. Y'' 

; . (c) incubating each, aliquot with one ,or more test .\substances' t "■•«'.■'; 
; Yfor a period of - time ; sufficient : to; ; discriminate, between Y 
• 10 stimulated and non-stimulated receptors , V \ r \ - : Y V y, Y Y- y;Y Y 

(d). determining any., change in cell growth by measuring marker Y 
.enzyme activity, in each aliquot, identifying active ligands by . v 
. their ability to alter cell growth characteristics, and ■■> 

\'; Yfe) identifying which receptor is activated by the ligand by :: 
15 assaying the receptor * DNA and/or mRNA by DNA amplification 
: ,and/or hybridisation, techniques. Yy\ v v : , 

. Y. In yet' another - particularly - preferred . ; embodiment ; of the * : '■■> 
: } multiple receptor format, the piresent ^ method comprises ; ;Y.YY-: 

-^.-r^taj^ltranisfecting cells with DNAs encoding two or more distinct Y, ; . 

20 receptors, .each. ; transfectedyce.ll - expressing an; . individual ; ; > 
. ; receptor, and with DNAs encoding two or more "marker 'enzymes, ; 

■ . such. that cells; expressing a given . receptor express - : a< ^marker Y V 
Ywhich is; distinguishable 1 from a -marker expressed ;by cells ; : ; 
Yv ; ;Y transf ected with another . receptor, -\//YY V :; Y-.^ nA-YY ^^Y^ Y' Y - 

Y,25, (b) .dividing the ; transf ected .cells into : several '] identical. . 
v v ;\? ; -.;aliqiiots^.' Y. Y ;v- Y ■;.;■ . ;7 <. ;: Y C - .*cy .y' r Vv v.../ .;. v>;/Y -:YyY Y : Y- • 
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:V (c) incubating; each aliquot . with one or We test substances ' 
... for, a : ,perxod. of . ..time sufficient / : to" . distinguish' .between' ^ 
■ stunulated and non- stimulated receptors, >. ■ ,V . 

■;: ; v (d) ^ determining any . change "in cell growth by ' measuring ^rker ^ 
-,. 5 enzym^actiyity in each alip^t ^identifying/ active -Ugida 5 V 1 "' 
v thexr. abxlxty;to^ 

;- --:(^ identifying ^iV-««W«^i < p; ^fe^V^iiSii - ^"'"vi"- 
. : add.ng a substrate for each individual marker ; enzyme^ followed 

: :;oy assay.. \;.<''.\:..:- : ..-y ' r - -:.yy\>- *.:->';■■.■*.-■.• ; .i -:;.t .• 

:;;iQ..ltoese--:e^diine^ 

: / ;P^ ip ie .that/if .instead^f a :se ; of mutant Versions of a V 

^ ^ ££I : : reC y t9 ^ ^^iP^rec^tor • types -were-transfected ^ 
. , togeth« and grown in the pre,^ 

•i * ° r^- 8 ;P °^ ib ^ Potential ligands couid be' 

15 tested simultaneous thus saving time; inj' a! drug ^screening 

: . • .: Programme. The receptor or receptors that the ligand is able to ^ A 
; , actuate would ^ 

; • ■ . that receptor^ and thus ; the receptor*: that are activated by a V ^ 

19 V ^ - identified in the culture/ for Instance 
r. 2 ^.^,^lif^ation ; ,techniqu^ 

; r...A.nWr^ 

^^^^^^^^^^ :two' receptor^are A ■ 
; 25 receptor^, . 

, ; :^ ^fected 0 ;and .those; tha^are itransfected^ll normally ,/ ; 
:y^^ss .a; single receptor ^Rarely/both. receptors, will be ^ 
.. ; ^^ss^ ri n , a ,given ceil.^if • the . culture : is/ gr^ iin the ' ^ 
. .Presence : 0 f ; ligand /with; agonist ^ivity^ against - M ••then Rr'- ^ 
; 3p, ransfected, cells' will 

. cells, where. R2 was , also expressed with Rl then "some R2 will '^ ! 
' V W?: v.**;a«Ppnt- of receptor amplification could ^ • 

. be det erndned ^ having : distinguishable markers expressed on " • • 
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v . ■ each of; the .receptor pl a sndds,\or J altetTiatively ^detecting 

V ; the receptpr ? mRNA of DMA directly by means of DMA amplification 

techniques.-- ; y: y.-l-./-- '■ ~ ry yyyy.'v;. : -- : '"y ' : ;y •• : />>.. •-' ; .' 

: : : One . /configuration, of the ;,- Multiple Receptor ' FozTnat ' is 
y 5. illustrated .,- in y figure; ;il. Here', multiple :.. receptors . are : 
^ co-expressed with a single marker . Activation of .one or more of '"" 
. - .the .receptors will result in induction of ; the: marker, and : - 
W i:: identify. >; the;/test. ; :iigand . aVj having ' activity. ; Which, of the^ 
receptors;, was" activated could . then be determined by screening" 
■ 10. against ,each^receptor, in; : isolation;;.ahis^ 

• futility; . in ;. mass screening of . compounds : f or ligarid activity • 
.-i - ? /against multiple, receptor targets .. An alternative "approach to . 
-^identifying which receptor /was activated would' be ; tb ; : measure • 

V . ; receptor mRNA and/or DNA. by ; ;;DNA. amplification" techniques' as : 
15 illustrated in figure 14 .^latter approach is. likely to have" 
; . considerable utility, in. the. analysis of . • ligands ; as .either ; . 
J: y antagonist or as; inhibitors of receptors , that have : intrinsic 

- . activity .(e.g., oncogenes) 1 : ' :::*<^>^-:^v\4 s .^f'-K> '•;.•■••■■ ".-.'' 

, -;y'; BRIEF. DBSCRIPTIOH OF THE DIUkWIHGS '.'/• ■^Y>:-^i : 4--^;^^P : ^/ 

20 Figure la is a plot of the\number ' of \ f oci ^sV concentraiion bf • - 
- :, , m5. . pKA. ;': Figure lb .is; - a; plot of 'the '.number i, of '.foci ' Vs. 
/ concentration of . carbachol / Cells were stained and foci coiinted ./ 
y.-V-S." 2 v >^ ek f:: * f ter ,carbachol- ; treatment Experiments ' were ' performed ' ' 
• ;:in 10 cm ; plates, ; and ._; carbachol^ lOp-i ^K^was, applied '. 2 days v 
2 o af ter transfe .ctipn, and was changed every ^3 .-4 S'days ^PY^' ' 4 ^ ' ' ; ' 

; ;._r...i*^::>gpaist.;: .' induction V/ of ■;.rece^ 
P-Sralaptosidase '.activity^ 
' ; .:are ..cp^transf ected.; using a high concentration of both BNA' s ; 
3 ? : ; Con ^ t i««s; where the majority of cells itha't. are successfully, h 
^;: ;tr ^sf ected • will ^; be , transf 

■i ; -.calcium phosphate precipitation procedure described oelow, only 
.. a minority 'of cells; in the "culture ^ill be t^sfected. ; ln the> • 
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illus t r ated exarraple,..^ 'day' and •• the'presence' ' 

. , of. an agonist ligand doubles.; the /rateiof division V (V) of cells' 
. transf ected with the .receptor. .;; ^; : ,"' : '' V 

^ Figure / 3a illustrates; 'the ^tiW-course"- of ^humah' nervV^bwth ' 
-5 . factor. ; <NGF) , station of; P-galactosidase activity in cells 
.v x ,:,: tra^fected with, the h^ 

^ aisorbance : at; 4i* vs. . ^days/of incubation ; in-: the^ 
J. Presence, or. absence.of -10 nM; ^f/ •.Figure: 3b illustrates'^ 
. ■ ;-^ dose-response; relationsMp. of NGF and NT3 /after three 'da/s of 
, 10 treatment ; • ■■■ ••••• ^/^r<>J^:-\. v 'X • v;i; r -V;;.-.-: :. :; ' 

: c .• ? ,,;of ;;,^alactpsidase ;r^ 

muscarinic receptors ' v>v,-; ; . ••p' ; ';'*.-V v .' : ' .•■>•'. .^r " ! "'.;vl 

.; :;^;Figure;5 is.a: schemata 

15 that- can. be .used, to. assay, receptors in la. Single Receptor . 

FW.6a:ill U stra^es the 
.. V . : and m5 , . muscarinic; , receptors • Figure < 6b illustrates the . 
• . • ,; • dose-response .relationships' of m2 ' and ;m4^scar^ic receptors : ' ■ 

•.?..20F igure :: 7 :. i8 .;,-. a;: :^ 

:,: random-saturation ;/ ; mutagenesis^ of ^ *he m5 -'muscarinic '• 
VV V acet ylctoline.. receptor, ;:>';v : ; •• ~;.c:f-%- ;V :•• .,' ; -\\' •>•;-"":•.; 

' ; ;^:-V F J 3Ur f illustrates^ ' s^es^i^i^ ^^^^ ? 
; ^ of. .eight functional ; muscarinic receptors :i tliit ^were'-each ? 
J. ' 25 lsol «ted and sequenced ;from; ; at \l&i*t&'w&£^-:-i^; ^ 
, .^^ep^enpejof ^wild-ty*e. m5^ 

- x; ; (sangle f aad;wthre e : ; ;i et ter cbdes) ^olip^iXby r'tWV mutant^ 
;,:, { ^ ; sequences, ^ase,. changes ;that . ^id^no^iaiteV the /encoded' amino ^ 

^ . ^ .^icated by an (*) , ; and. 'predicted /amino acid 'changes 

.3p.are indic^ted ; with coi«erva^ 
. ::, ;nonconservative substitution ^ bold type, ^ 
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*■-...: ,_unio^e r sequences were . isolated from independent foci ..For the ." f 
'■■".*. V.. ; 28. .^utant receptor ,seo^ .an average!: of .2.4 amino acid. ... 

^changes, were observed/ receptor. Figure'; 8b' ■. illustrates - a^ 
: : >;: comparison; of the; sequences of the ; f ive wild- type muscarinic " y'y 
■'• vy : : yy-5 receptor 'subtypes . Shading indicates identity or- conservative "7 

; : - ^ thesequence of: the m5 receptor. : v ^ v V : 

/ v : y substitutions o>\ -f y : 

i ---v ar !^ V^olerated. for all f iye .;. of ; the - receptor ; ^ s^types ; : are. ; > v 
\ r /'y\i--:Q indicated..; ^ by an^ ; ,;(°) Positions^ where V nonconservative "■■ -V- 
yyy^yV^ yto;-'- the K functional;; ■ : 

-v. ■ • yy • :V;: cl assification ; of ythe receptors (m2/m4 ^versus ,ml/m3/m5) \ are.; : : ' 7; • v" 
r ■ indicated, by . an] (x) . /Positions where at . least the PI -linked 7 = ; ~ 

; v : ;■ : ; ' are conserved are indicated by 'y / 'yy : 7 

V':y'y ■;y ^' an ^' 01 ; Posi tions .where : the ^ ' y 

< 1^. functional classification iaire : indicated by; an ( V ml/m3/m5"7:'- ' : " : ' ? '\y 
;y} ■ conserved, nonconserved versus m2/m4, and _ m2/m4 . conserved) : i 
y ;7 Boxed residues; are conseryed^w^ where' no ; ; 

; yv '■- \'y ' nonconservative substitutions were; identified in the mutated -y; 

. 7y'y • receptors.; (indicated; below the positions indicated in p^rt C) I.-' 'y' ; H "■■*■/ . 
y Q y yy 20, Figure ' 8c . illustrates ; a compilation of : all - amino 7 acid ■ 'A 
: : / t i tut ions that were . iderit ified in at leas t two !. independent \ 
■'■''(■' 1 -yvyV/foci. ^ Aini.no , acid vr substitutions 7. are . listed f below . : the S'-y-^v-./v- 
; : >yy correspond^ b;: Amino acid^y^T-y^ 

: A substitutions , are fisted once for^.each independent receptor i 
'"y " O 25 Positions of andno acid changes , that were obse^ least^)y::^" ( ) " 

: ,y; y position* of the corresponding : =r : y ; 

V-r v : y'vy wild- type aM acid changes' are .compiled ^ ^ 

^yy^4::fr?» .the.,28\indepeiident mutant :receptors v isolated ' from the 675 : . y v \ 
: -:::<:^ 1 : y yV; recombinant library .^.Positions y where y no y^nohconservatiye;^,^;;: : ;y 
:'y;^^ ; 30 , 8 ^sti^tions were, isolated, are; boxeo\ : . 

s>S\\}'-, ''yY ^receptors are .conserved with respect to *6 are '-^ ■ V *" ; t"-'^^': " 

■■■ vy:'^; y;:-. ^"i; a ?- B ? > .- lipcludeidVlny'theseV. boxes.;.,; Figure* = Bdy illustrates y a^y'y^* ,''<Z 
\ : yU?^ acid sxibstitutioris. observed .in- 17 clones^ 

C ; : : ■;-^V^';)"i; a ®^??. t J ^ at .random : from the mutant receptor library expressed ; ' V, 
;/^*S/ v /yv'y 3 ^. ir V;, y -cp-li.^; ^(pripr to^J/transfectiori }; and ^selection by' -y' 
? traxis formation of ,NIH 3T3 cells j V An -.average ;of 4 .2 . amino >cid. • V ^. 
:. substitutions were ^/obseryed .per ^ mutant receptor . The; presence.. ; r ; ,; v 
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. : of stop codons. is; indicated • (Sto) . Conservative ^substitutions • 
. ; .are . ^defined ? as- members^ the. following groups: ' S{Ser) , : 
T(Thr), P(Pro),,A(Ala); and G(Gly) ; N(Asn) ,:. D(Asp) , E(Glu) , 
: , «d.Q(Gln) , H(His) , *{Lys>, .and R(Arg) ; M(Met) I (He) , L(Leu) 
: • .5 and.V(Val) ; . FtPh^h v ( ayr) .^d W(^) , pr ClOys)^ ^ ' ^ -:: ' V 

- : ; FiSUfe^!> J^s V: V^sche^ V' : 

^ ^representation pf r the ^tated rd^ 
- ; receptor . ^e ; .doinain is viewed f rom, the .'intracellular space - ■ • 

-10 acid ;sub ? titutions:: Ur^m;: figure;; 8,: arei indicated b> stnall • : 
.^letters./ Positions .where ^only , conserved.;. substitutions were':: 
:? isolated ^are: circled.;; The : large ^outlined/ aid : shaded" oval ' 
: ■ : encompasses -the amino; acid positions in which; only conserved i ; 
^substitutions^ were : oi»«ytfa... : ind^^ :.ii«li^-:':^:>^-.: jtfii.'.X: 
15 functionally critical, face; of the helix^The large shaded oval '$r- 
_ encompasses amino.; : acids Z] positions \ 4 where.> nonconserved ' •?• . 
substitutions; were -observed ; at;/every position; ' W is . • 
;. ; predicted ^to be a functionally nonbritical face of the helix " 
^ 2 ^ la W outer.;;circle\ iiuiicates^e numbering or ^ the 
,20 acids: sorting at l^.V^^ 

respect - to .homologies with the ; other mis?:arinic receptors are ^ 

figure : 8. ^Cb^cks;. indicate .positions^ 
v^. receptor, ttot. •tolerate,^ ^ , . ; 

r 25 site-directed xnutagenesis .C-- .; ' ' ' ZZO^'-'Z/i:: .' .. V 

:\Z^^-is^]si^^ ^rawincr of exaSe'^f tte^&i^: 

.V.'.. 

30 transf ected ;^th; Rl,and; R2- .:Thus- a Rl ligand selectively t ■ 

j..- amplify Rl-expres.eing jcells /.',/-' ■ ' V. ^.""V : f •^•;V ' v .v.; 5 ;-.- \^ '• 

:;:;4Fig^;;n;;isJa.;sch^ 

v ^ 6 ? r ; : are : :a S sayed ; V : 

.s^ltaneously using only pVgal assays. Tl : V.'.'\ 
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Figure 12 .illustrates the responses of cells to. the oncogene V- ■ . 
v./ ; ras. "Six well plates of NIH 3T3; cells were, transacted vith 1. 
...v'fjig : of ■ V-ras or } ri-ras and .1 )ig of 6-gal cDNA. ; Assays were./ 
: \ : performed using . the ■-. Standard . . Single Receptor ; format . as 
5 described in figure 5 ' :. Controls were performed using ia5 . 
: v . receptor transfected. cells without ! 'an activating, ligand. 

V';;Figur^ and antagonist phenotypeis of v 

" ; a- nnitant; m5 . receptor. - : Ten ,.cm plates/of NIH 3T3 cells : were : . 
transfected.. with 1.5 pg.of wild-type m5 (•) or m5-160. mutant . \, 
10 receptor (b) > and '-3 pg, of 8-gal cDNA; , Assays were performed as 
■ described in figure 5 after incubation in the indicated ligands ; 
>■":. for f our days . iv-v.-*';" ■ y\ \' : \ 

- : ; \Figure 14 is a schematic drawing of .'.an-, embodiment of the 
f . Multiple Receptor Format where .several receptors' are assayed 
M5 siinultaneously using a combination of . p-galactosidase and DNA . 
••V ? amplification * assays . ^ t >•? \ V. ; ■ \ >\ ^ . -;i " . i-:-; U ■ >A : --. ."v ; 

^ /Figur^. ;15 ; ■ illustrates - the V ' iigaiid ■: anid. \ receptor 0. cDNA * 
>; y - dose/response relationships of . the FP prostanoid (B) and ERb 
V^f^'^dothelin;!XA):' receptors. , Ten. cm plates of NIH 3T3 cells^ were 
V 20 transfected with the indicated concentrations of receptor cDNA; 

l \ Cel 1 s were . incubated . in ; Well s of . a 96 well plate for. 4 days 
: : !:V : \ -;' with ythe' indicated concentration of ligands. All . of ;the 
transf ections. also, contained. 2 .5 pg of the D2 receptor and 2.5 
.. pg of , the 6-gal; cDNAs.; y ; ; ^ ' .', C 

/ 25 Figure .16 ' illustrates . the /maximal ligandi- induced responses of 
f * * ? the';'" indiciated'-';- receptors, - as ^assayed ' -using /. cotransf ected 
:VVKiMcultura Receptor . Format ^ similar. : to - that , 

V- described' in; Figure 11.^ -Ten. cm plates of NIH 3T3 cells /were 
: ^.;y £ ixtmtecteA with : .Q ..5 pg of each, of the five test DNAs , 2 . 5 pg 
V.30 of D2. receptor. cDNA, and 2.5 pg of, 6-gal cDNA^;7 Seven doses of.. 
^ selective for ,edch.6f .the receptors were tested 

• (nd/carbachol :' alpha ' .^/phenylephrine . ,\;.v LNKl/ substance *■. P: 
. v, : ETByehdothelin-3 : FP/fluprostenol) Cells were incubated in 
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. . wells of . a 96. well- plate for 4 days. with each ligand. Maximal 
-.responses. were calculated by fitting r .the data to. a model, of a" 
single mass-action site.'. . Separate, experiments demonstrated 
; that each of these iligands T .were unable to induce responses in 
5 the absence of its indicated target- receptor. : 

v : : Figure; 17 . illustrates the . ■. dose-response , of wild-type, and .'"'' 

. . , > chimeric, alpha 2 adrenergic' receptors .- for the agonist . UK . , 
l 4 f3Q4. :;.The indicated doses of -agonist were assayed using the , 
; \ Single Receptor Format. Five pg of receptor. DNA and 5 ]ig of ■ .,'.'/•.■ 

' ] r -; ':.V i , beta ~ gal ■ PNA . were used forylO : , cm ^ . 

/ triplicate; d of ; thd data to ; . ' ; - ;^ 

;' single mass-action site -of action > by ^ y 
A /".chimeric constMct-Jof : cc2cl0 was v :prepared ... using PCR .and 
15 standing eloping techniques. Specifically/ the entire 13 loop : ■ 
■'■ V- ^ °£ ^ alpha2cl6 was , replaced with; .the ^majority : of . -the 'Y 

corresponding alpha lAi3 loop. \ fteta-galactosidase. was assayed 
• after JLncu^tion in; 0 absorbance read at "v. 

;;' ; ';\';420 in the .spectrophotometer, y"^'--. ;*/ v';' ;-'-V': V* y - : : V'' • 

\)"- : ': P Ike present ^ is ; f urther\iilustmed in the .follwing ; " , : K'. 

v iexan^les which are not to {be regarded as limiting" in ' any way to 
'•y the scope" of ttie invention as claimed.' V *../;.;. \\ :••':[:'*:) "V'V" 

■ v ' ;: /V ? v •"A general protocol ' for the Single Renent oT Format Y % v ;: -1;' /' : ^ . 

7 V Y C'^?^ Culture^,: of. 3T3 . cells;. 

; -\v : ^Culture Collection;^ m 
v : " /■ J ■ \ '.■ v- C0Il ^ u ^ ri 5 : ? ^ /one : cells {were trypsinized,. spxiri down :and 7 

pl ^ ted .. at ^- :10 6 :; ce^ cm platoon? 10 ml [ Dulbecco's \ : \ -v ' 

. : ; y v .{Modified Eagle 's Medium (DMM . 
. • :y 30 plates from one 175 cm 2 .flask) On day 2, ceilis were transfected ' 
• ' using the calcium phosphate precipitation procedure of Wigier 1 " 
/"'; -^ et ;'al v Cell 11: : 223-232 (1977) . ^For each plate 5pg receptor : 
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- DNA, 5/*g p-gal ..DNA (P-gal, pSV-P-galactosidase, Promega) , 20 jug 
..^salmon sperm DNA,, 62 . 5 /il 2 . 0. M; CaCl 2 , were . brought to'. 0 . 5 . ml 
v ; with H 3 0 . . The : DNA solution was ;added dropwise to ,'0.5. ml 2x 
V. HEPES-buffered /.saline > (280 mM ; NaCl, : 10 • nM ; ;KC1 , ; : 1.5 - : m 
v;5 Na 2 HPO 4 -2H 2 0, 12 nM dextrose, = 50 nM N-(2-lydro^etWi)ipipj5ra2ine-, ] 
N'-(2-ethanesulfoiiic acid) . (HEPES) , \:pH. 7.05) r while : gently ' 
A mixing with, air bubbles . .'• On; day three plateB were washed with . 
: > : HANK'S, balanced saline solution .(HBSS) and 10 ml; DMEM + 10%, 
v calf senun_waa added. - On day ' four the cells were trypsinized/ . 
10 spun down and resuspended in 10 ml (DMEM 10% . calf serum). 100 
: ^, ; |Al bf the .suspension was added to each well of a 96 well plate. 
; ,; , : A 2x .concentration . of the test . compound; in 100 DMEM .(10% * 
■ v ; calf, serum); was added to. each well. Cells were ; incubated with 

test .substances for. three to five days without changing media. v 
- 15 A modified method of Lim and .Chae, Biotechniauea 7:576-579 
. ; ; (1989) was used to assay P~gal. On, the; day of p-gal assay, the 
;;■: - media : were aspirated .and, '.the'-'"' wells rinsed . with ^00 f£L 
/^ phosphate-buffered : saline . ( PBS) . ; 200 )i£ of PBS with 3 .5 m 
;• - o-nitrophenyl-p-D-galactopyranoside . and y 0.5. ; % • Nonidet P-40 
2 0 ( Sigma) was . added to . each well and incubated for 4 hrs at room. 
. 1: temperature i p^-gal , responses were linear .for several hrs. The 
■ absorbance of .each ; well was ..determined by means of a/plate 
; . reader. (BioTec); set to ~ :405, nm. :'Ay^ ; "A^' : '' :: - ], ■■ j : ':A r: ~'".' 

; Example' 1-: V- : .'A :v . :*y- ■'■ ^ - V; ■■■*"/' f <y > \Aa- :y.\ ■■ V .-' ; ' ; 

V 25 B-galactosidase activity in cells transfected 'with the trie x 
% \"^r?CeptQy ';' ': 'j; / AA'/^'S--^^ 7 ;;';- i "' : ';. , ' : ./i'^AVv''-- \ 

; Ne^e i^bwth tact^or; (NGF) is an agonist .for the trk A receptor. 
L;y.y i^-stimulateld /v.y trk;.y- A : ^ 

■yy phosphorylation, and induce; foci in NIH .: 3T3 .cells. Figure' 3a 
t ' : 30 illustrates data , from f an experiment where;' trky A receptor- 
' y v- transfected cells were grown in the. presence or absence of NGF 

V 'A . following the. general procedure, described above . A 10 cm plate 
y> ■/ of NIH 3T3 cells were transfected. with 5 fjg of trk A receptor 

, : ; DNA (cloned substantially, .as. . describied . by Kaplan . et .al.,' 
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','••. •;;:'./ ; •>;•- •• ' • " : - ; }3s; ■• -^.^y J : s \' .>''■[■:■ : 

fi£ifiH££ 2S2.»' 19.91 # p., 554/ and Itortin-Zanca et al . , Mol . Cell ". : 
• B^ 'i' .1989, p. - 24), and. 5 & ''lot* p-gal .. DNaI <Ehe cells were 
*^slied. after,- 24 ;f >:s,.. ;and Rafter/ 48 hrs the", cells wfere 
v .t^ansferred.;to;:96 wells. of a.micfotiter -platband' grown in the' 
. . 5 presence' or. absence, of NGF for, the indicated nui^r/ of days . 
f; : M al ; - ac tiyity was; induced by NGF/ .vdth' ' a narked '.induction 
v V ./ obseived within . three' days .! .The.: data shown; in - Figure 3 a' were 
/i.meaiis. of • triplicate deternixations (each: from separate wells) . 
■' '■ ':■ . +/ ". .' '' figure, 3b ; t illustrates; ,• • the' \*NGF V dose-response 
^10 relationship/;^ 

; treatment . The NGF ; ED 50 of this; response was. similar to that 
' . . observed, of endogenous^NGF receptor induced neurite outgrowth', 
; ' in PC 12 cells. (Cor^ 
••; '■[' <^o; et all,; £fesirj^ 9:5^^ 

; 15 Also illustrated: is; the ',: dose-response relationships of \ the 
related neurotrophic factor NT3 . . Not shown is 'the fact' that 
NGF was; not able, to induce aiipl if ication, responses, in cells 
; ; tr ansfected. with the trk C receptor subtype/* consistent with 
. the known; selectivity ; of . neutrotrophin, receptors , (see also 
: 20 table 2) . : ///// : /-':/ ■ •"'•"■'•/ ; ''■^''^^V.V:■•x'•.;'^V'•' : ■'..•^: ../.-.'>" 

y Example 2 /. :' v v,-."< ./ ; v ' ; ■* '' /. / : •'/' ': 'b '.'■■/. ' v;// ; "/ • 

-::A receptor subtvnei Wl . m^. m^, m 4 anfl ;.' y-^-/'^ , : ; : V;>y.;;-. / 
:-- ; :: : .Muscari^^ 

>\ 2 ? ^/f^'^ ^rare v ttle to: stimulate cellular growth aid' induce! 

focI in.Nm.3 receptors .are 

/ ; . activated by ligainds; that have agonist activity ; in monoclonal 
/J ?. lines .; . isolated;;.; from; NlH /3W : cells/ tra^f ectei vwith^ these- .: 
5; ; v : ;;:receptors/. ^' the •/; agonist^/ dpse-respo^e'/frelatioMhips'' • lor' 
; : 30 stiiiuilation of phos^^^ 

/ /? io ; ci : a:re . identiqai/'-and;^ :' 
:. : . • xnuscarihic .. .receptor / antagonist atropine. . .The . w2\ '.; and". !m4 
/•• ' nMScarinic receptors do not strongly st'iimilate phospholipase c 
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. in NIH 3T3 cells/ nor /do. th^. induce foci. These data indicate 
that . ligand- induced changes, in cellular growth ,caii be used as 
; . an assay . of ; .the-, pharmacology .. of o some muscarinic receptor 
;//-. sxsbtypes;{Gutkind et al. ; ^ms;88 # ; ; 4703 (1991) ; Stephens et 
,5 al. , /Oncogene 8 /■ 19-26 ,(1993) ) . -A'^S- >/v^'.//,/;-./ -^/f 

{}.:.:/ The dose-response relationship of m5 .DNA for /inducing f obi in : 
" : NIH 3T3 .cells is illustrated, in figure la. .These data indicate 
, ^: that . the ''focus;. response . .requires low. concentrations of .DNA ' 
. ■: v- (~lng) and is linear . over • a wide range.' of DNA. concentrations 
>0 ; (ing to at - least 1000 ng) . : .For ' : 100 . ng of m5jDNA, : the 
. . dose -response relationship of carbachol for * inducing foci is 
/ illustrated in / figure r lb. Using the calcium.' phosphate 
/ /precipitation conditions/ described, above under the "general 
;-•;/ protocol, a , minority of cells in each culture are ; actually 
v 15 transf ected with DNA. .These data indicate that tinder conditions 
•y, where "low concentrations of DNA have been used to transf ect a 
;:: minority x of cells .within a cuiture, robust • ligand-dependent 
"responses '.are observed. [A : -^.;-A'A;: -X'- : *\ '\ ; '''r ; ^'' : '; ;; -/' :: -v" ; - : '- ; ^'-' 

: ; : , Muscarinic . receptor . ' subtypes # : like many other receptors , are 
: 20 able ./to;; selectively interact /with; functionally distinct 
/G-proteins. /For exanple, ml, m3 and m5 /receptors selectively, 

// stimulate. phosj^oHpase/c >y coifpling with the .G-protein Gq, , 

/ .and m2 and m4 selectively , inhibit adenylyl cyclase by coupling 
.A-y with the G-protein Gi . : m2 and.m4 also "selectively couple with 
/ - 25 the ■ G-protein ; Go/ (Jones , etyal/, Vin Molecular Biolomr nf 
/..'■/■••■'•r.flrProtein-couDled receptors./ M Branri ed. -Birhauser Boston.; pp 
y^: 170-197./. (1992) ) . One ; strategy /for /altering ^/ 
.;//.; pheriotype of a receptor. Is ./to express /the;; receptor- with ^ ^ 
;;'.;v// mutant t G-protein. / For . / exanqple, ■■=. if / the : receptbr-coupling 
. ;30 selectivity of :Gq were' changed to that of ,Gi>; then'm2 and in4 
/ // • receptors would, be able : . to activate such a. • mutant - Gg. .it has 

/ . recently ; been :: shown that the ', carboxy-terminus; of : ;G-proteins . 

/ directs/ their ■ /selectivity for /different V receptors . : 1 In our 
• :.//; ^studies/ we// .tested : /a . /chimera/ / between: / Gq . * and - the 
. • 35 carboxy-terminal five .amino acids of Gi/ : (Gq-i5) : or Go (Gg-i5 
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■ . .and Gq r o5 constructs are described . in Conklin et : ai.; ^ Nature'' 
:< 2J51»: .1993, p. ; 274) ' ; ;/ :-; : v:' , ^;v: : ;';;'; : .., ■ v : , ; ;: -v.v. 

V;^e ; time-course ;^f.;;c 
•X act ^ty was ,;; investigated ;.. In" -: ■ ;.3T3 ; cells ■ ' (figure ; 4) 

^ t^^ f ct ^.>^th «5: and n.2 ' muscarinic^ receptors : . Either 75 : *g ' ' 
; -^/of ; h^^ ; ^8 C ariai< 

.;. > Plasmid pr [5 r /jg of huniM m2 'muscarinic ' receptor DNA and" 5 

^ V^:' : 6f : .S«-f 5,:y PHAv .<in2/Gq-i5) , ' Vwerdi^obi^ined^'wito^B: •^•"of ; 
: • V :: p -^ a ^ sidaa ^ : ^ i°. transfeqt 10 ;.cm: plates-^ After 'is ' hrsV - : 
; 10 the >«ll3 ,Were .transferred ; to ;,wells : , : of a . 96 .well : plate for 
, ifnediate.\ treatment vdth, carbachoi Carbachoi treltment was - 
continued ; f or ■ the ;» indicated nuniber r o f ^ d^s,\W ;medi a :: 'and ^ 
>: ;: '\ ca ? ba choi were .changed every three days ? ^ :/:}■ 

15 co^ressed. with with , the. receptor tS^ of xeceptor and 5 ^ " 
; of G-protein) in the absence of .expressed G-proteW in2 ^ 

, recept or8 have no' effect; on p-gaiactosidase levels^ For both" ' 
> . them2/a-i5 andVmS- transfected cultures,- carbachoi was able to ' 
; - V .signif icantly induce 0-galactosidase "levels. ^ and ythis' v ef f ect ' ^ 
> 20 reached .a plateau at .about.; I.five : days, of , drug treatment. Ihe " 

v ./responses. / were .compared to ; Btimulatiou C of m4 ^receptors ' by" i 

carbachoi. ,^ED50fs of .carbachoi for in4/q-i5 \ms olb37 
^ 0.046 and ,for ; m4/o^o5, was :o.032. ; 0.047 and- both V : -. 

25. combinations ; yielded,, similar !Wnai Response's ^ W^dai"' 
. ; indicate t:hat..m^ 
■. g-i5. ; and q-p5.\ ;,. • ' ■ ^^k; ' : -:- : -ii'yy)^:x K'v ;: -"- - ■ v';' A^ii'v'X ' 

Based • °^>he^^ye^ > 
^ derisities , were: optimized; > 

30 signals, the.; general protocol ; for thevsingle Receptor Format; / 
described ; above: was applied. ml-m5 ^carinic- -receptora ^ 
; : Were ,; f 10 ?^ substantially: as :. described .b^ etVal / ' 

#^^ 03 -v^ r '^ ach - ; the .^; : and m5. .muscarinic receptors. OTH ' v 



;;V: 3T3 cells were transfected with 5 j/g of receptor DNA and 5 j*g. 

of P-galactosidase DNA. For; each of the m2 and. tnA imiscarinic 
; receptors,. NIH 3T3 cells were' transfected with 5 *:/jg of receptor ; 
>: DNA, ■ 5 jig of Gq-i5 DNA/ and 'S.w'.of P-galactosidase DNA, Data 

■ ■5. .for., -the, ml , m3 and m5 muscarinic receptors were collected 5 
r days Rafter .: carbachol . treatment ;;' ■ and . data . ; f or the m2 and m4 
. : ( muscarinic, receptors were / collected 4 j; days tatter carbachol 

. ■ treatment . .!No media changes were /perf ormed. /Data • were means' 
V from three-four independent , wells, f. read 'directly - from: the 
10,- original, wells 4 hrs after addition of substrate and detergent ', . 
^ v Lines ; ; are computer generated fits of the data to an equation 
. for a single mass-action site of action/' ' l - ■•■ 

■ -6 The carbachol : dose-response relationships of nd/ m3 and m5^ 

transfected ^.:yc^is;.' Was. /-.investigated (figure 6a) /; similar 
15 experiments ; were y .'performed . with., m2 and m4 : receptors 
co- transfected with ;Gq-i5 /{figure, 6b) / : As illustrated, ; the 
; ,y': general protocol, permitted precise determinations of the ED^'s 
ifeof .carbachol ; for.. these five receptors, /These values, are in 
■ : gpCKa.; agreement .with ealier measurements^ using foci -induction 
20 (Gutkind et val . ; Proc ; - Natl / Acad . sH / n.c^ 88, : 4703, (1991) ) , 
yp-;: mitogenesis : (Stephens et^ al/ Oncogene 8:19-26 (1993) )Y second 
:Vv^ J ^SMgrer;..;;and.^ physiological.:, responses /(Jones \ et ; al / Mol. 
// : \ £faaEm.40:242-24T 1991) ) . Also. illustrated is a fit of the data 
■y. t to an / equation .for a., single . mass-action /site; of action, *='; As 
.25 indicated/;. . : all of , ; the receptors : obeyed : / this receptor 
; /^mass-action >/ relationship . ; > ;>^;V. Table / Villus trates . . the 
:. pharmacologies of . several muscarinic agonists, and antagonists 
;V";for the ml-m5 receptors evaluated using this assay /• ill of the ; 
jtx- antagonist data was. in good agreement with parameters that have 
3 Q; been /previously/ equated using^ 

; exception that most, antagonist ■ have , lower potenqy . in these 
;./fuiictiohal assays that in binding assays (reviewed in Jones et 
V - al ,r in tolyfoft* Piology of G-Protein Coupled Receptors . np S 
>f, cit.) . ; Also, ; illustrated: is/;the/ ability ;;of ;. the V assay /; to 
,35 .discriminate ...between /.the//responses ;*of v full, .' and ..partial 
\y\\ agonists i /Part iai; agonist. are often difficult. to. differentiate 



WO 95/02823 



PCT/US94/07900 



39 



:from full agonists in functional assays, bif f iculties are of ten 
due to ceiling effects and receptor spareness In ; f act , 'assays 
rarely combine a high sensitivity to weak, partial agonists., with 
a» .ability .to -discriminate .full and partial agoiiist'sV'V-"^. 



A. Pharmacol 


ogy of Muscarinic Agonists - 


EC 3 d UtM] (%Max)/ 




agonist 


ml 


m2 


m3 . • • 


m4 - : 


mS 


arecoline : / 


3.2 ±0.7 


0.025 ±0.001 


034 ±0.11 . 


0.13 ±0.05 


0.60 ±0.05 ; 


■.*'"' 


(86 ±3) l- 


(105 ±0) 


(66±9) 


(72 ±3) ; 


(77 ±2) 


caibachol 


6.5 ±0.6 - 


0.10 ±0.04 


1.4±0.7 


027 ±0.07 


0.11 ±0.05 




(100) - ; . 


(100) 


(100) 


(100) 


(ioo) ; . 


McNA -434 . 


1.1 ±0.2 


1.5 ± 0.6 


22 ±0.0 


0.12 ±0.02 


1.0 ±03 




(43 ±2) 


(108 ± 7) . 


(38 ±2) ; 


(84±3). '- 


(57±4) 


muscarine . 


2.4 ±0.8 


0.06 ±0.02 : 


0.56 ±0.25 .. 


0.32 ±0.15 .". 


039 ±0:18 




(84 ±4) 


(76 ±1) ; - 


(84±6) ; 


(69±2) .v: 


(86 + 0) 


oxotremorine 


0.39 ± 0.13 


0.019 ±0.010 


0.21 ± 0.06 


0.033 ±0.014 


0.055 ±0.001 




a5 ±10) 


(100±5) • 


(66±5) 


(102 ±3). 


(74 ±2) 


pilocarpine : : 


274 ±30 


25 ±1 


35 ±3 


60 ± 16 : 


27 ±10 




P9±5) 


(107 ±4) : 


(54 ±7) 


(71 ±8) 


(71 ±4) \. \ 


B. Pharmacol 


ogy of Muscarinic Antagonists -negative log K; [M] 




atropine 


9.0 ±0.1 - 


8.3 ±0.3 ■ 


8.9 ±0.2 


9.1 ± 0.0 


9.1 ±0.0 


pirenzepine 


7.7 ±0.0 


6.2 ±0.0 


6.6 ± 0.2 : 


73±0.2 


6.9 ±0.0 ■ 


4-DAMP . 


8.6 ±0.0 


7.6±0.2 


8.7 ±03 


.9.1 ±0.1 


9.0±ft2 


p-F-HHSiD 


6.6 ±0.2 


6.3 ±0.1 


7J ± 0.1 . ; 


7.3 ± 0.1 


7.1 ±0.2 1 


methocrtramine 


6.3 ±0.1 : 


7.6 ±0.1 


<6.0 .. ; 


6.4 ±0.1 ; 


< 6;o • ■ ■ 



Table I. Pharmacology of muscarinic acetylcholine receptors 
uose-iesponserelaUonships of muscarinic agonists and antagonists at the five cloned hiunan -'-^ 

.^ctosidasc cpNM.The m2 and «n4 were also co-traiKfected with Gq-i5 cDN^ Amplication 

experiments. A-, A wma Pharmacology, -Individual EC» and maximal responses m derived 
by nonlmeax regression of data from8-10 concentrations of the indicated Ugands. with 3-4 > ' 
rephcatespw concentrattom Maximum responses are indicated as a % of ca^olxeswnses. 1 ' 
T^ l T e re 2 < ? S S for caibachol were defined using 200 uM (ml), 10 uMl MoEm 
;(rn3) a„d5 »lM(m5). B. Antagonist Phi.m.iriJnpy ^n£L.in* ^ 
nonlinear regression of data from 8-10 concentration of the indicated ligands. with 3-4 rcolicatts ^ 
perconcentrahon. Upvalues ymcm^nRy^^^^JSbt^p^ 
: ^gom S ts ; wcreevaluat^ (m2.m4). 10uM0n3) and ipM 



cuocTmnT SHEET (RULE 26) 



WO 95/02823 "-^'//••' / : - -'. ' \^y'-:^~ v /*-/ : ^' ' '/-'V' / . PCT/US94/079OO 

\.\ K • ' v ^7:^- 'o^' " Vr^o ■ V** /• :;;/:.V- 'f • ■ vv 

: Example 3 ;, V .^v- -O '■ «■'■■' -v-; /, *' •''/ ; / V • ■' .'■ 

';;/ Lucif erase activity in cells transfected with the m5 and m2 
(Go-iS) muscarinic receptors v^,-/ V'-'-^i •".= V U^'V--" • : V--v^Y 

. /Following the general protocol described above/ ;amplif ication , 
■;;5 of", the m5 muscarinic receptor ; and the. m2 muscarinic receptor 
•;( co -trans feet ion. ; with Gq-i5) was determined ^sing firefly 
: lucif erase / (luc # pGL2 -control vector ^ Promega) . as /a ' marker- 
v instead of (i-galactosidase. : Receptor; marker, and G-protein DNA : \ 
. . ' .concentrations "were, identical to those / described . for the : 
10 P-galactosidase ■ experiments;. : in Example . 2 /; The EDSO's of 7, 
carbachol; were 0.22 +/- 0.1 fM. for m5 t and 0.14. +/ 0.11 , /jM for I 
i ! m2/q-i5 for inducing activity, of firefly, lucif ierase. Firefly 
v luciferase was; assayed .as recommended by. the manufacturer 

• (Promega) ..;;fhe;.y-data::'ii obtained/ indicate^ - /that, : ^like ; 
: 15 {J-galactosidase, firefly. ■ luciferase. can serve as / a . sensitive 
\ marker of muscarinic receptor activation . by a ligaind . 

][ * Example 4 ;J. ' : \^\"//VV .".V. ;\ ■. .V'"V*V }' ■' I ^ y.-:/; *; J . 

^' Stimulation of different receptor's ^ : -:?\ y £fe //■/ 

S Receptors belonging to several -functional ; categories have , 
20 successfully been assayed using the the general protocol for 
; ' the Single ; Receptor Format described • above. '-..The results, are 
*: > - shown ;ih Table -2 below;, ^ that a/wide range . 

; x -. . \ of - receptors : and /related molecules ; can ~ be;, assayed /.by - our 
; ;/ amplificat ion J assays ^/ Illustrated are ^.exa^ receptors . 

.25 for : a 'diversity of. transmitters; including monoamines ; ; amino . 
V :':/; acids/: peptides and . large/: hormones .{muscarinic / receptors, ' : 
V:;Bonner.et al., Science: 237: 527 ; 1987; Bonner.er al., .Neuron 1: 
./ 403,. 1988; dopamine. D2 receptor, Stormann et al.,. mol. pharm. 
. . :> >• 37 : ; 1 , ' ; ;■ 1990 ; ' tachykinin receptor , Takeda et , : kl . y BBRC 17 9 : 
30 1232, 1991; V Huang et al/;" Brac 'l84: 966/ 1992; Gerard et ali : , 
:/ V / JBC 265: .20455, 1990;. alpha 1 .adrenergic receiptors, Cottecchia 
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• : . ^•v ; ^/>;■:^ : :. ;: • ; ''•'^ .V;. : \;'.-:-.;\ 41. • ' • ... •/:;<. • 

\: . et al . , • PNAS . 85 : 7159, .1988, Lomasney et. al JBC 266 : Ms/^ 
. : 1991; alpha .2 . adrenergic receptors/ Reg W . eisl., ' pnas 85: ' 

6301, -1988; Lomasney et al., pnas 8 7: . 5094; 1990; endothelin 
• receptors, Arai,et al . , Nature 348, ^ao, - 1990; Sakurai' et S 
5 Nature. 348:., 732,; 1990;.- P53, Baker -«t f. ii.j? Science 249: 912,' ■ - 
. : : 1990; G-protein mutants , . Voyno-Yasenetskaya et al . / . 269 • : ' 

.V/:f 72 -^ .': !A .;.". d f T^"^ 1 ^.?* ^b^^ Masses ^^o' - ^ 

.x^uBtrated:.,p-pr6W 

. - linked, receptors, ^.Grproteins . and oncogenes;- /in a f ew oV these" > 
,10 .cases, -focus •assays. have been used to assay iigand interact - ' 
;; , ; . y^th . the;,illustrated. receptor^ 
- ;.shovm ;: that: focus;^ 

; V ,(e.g,, ^ and i»4 muscarinic receptors with. G<j-i5) . A detailed ' • 
. ^y*^ of .. Pharmacology, of alpha ..adrenergic xeceptors Is alsoV^ 
15 presented in Table 3. /'v'-' ,.. =/••:'•■> : - 
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Receptors Assayed by Amplification r i ; " 


Receptor . ; 




Ligand 
EC50 nM 






Trans. 
Class 




Adrenergic 


phenylephrine 


UK 14,304 - 


Epinephrine 






alpha 1A ...r 


460±30 






+++ 


Gq 


alpha IB 


110±20 ; 






+.++ ; 


Gq : 


Jaipha2CiO 




200 *e 


430 . 


+++ 


Gq/Gi 


|alpha2C2 




690 


1,700 


+++ ov 


Gq/Gi 


|alpha2C4 ; > .;: 




780 ... 


50 • ... 




Gq/Gi 



[Dopamine 


Quinpirole 










D2 :■■ 


0.5 ±0.4 






++-•'.; 


Gi* | 




Endothelin 


ET-1- v:-V^ 


ET-2 


ET-3 








0.079 ± 0.048 


16±4.1 . 


2.1 ±L2 . 


+++ 


Gq 




0.24 ±0.2 


17.6 ±8.5 V: 


0.14 ±0.07 


+++ . 


Gq 




Glutamate 


Quisqualate 










metabatropic 


2,400 ±1,400 






+ 


Gq 




Insulin 


Insulin 










*■...■>. 


0.08 ± 0.08 \ 








TK 




> Muscarinic . 


carbachol . . 


oxotrcmoxine 


muscarine 






: ml : 


6,500 ±600 


390 ±130 ... 


2,400 ±800 


+++ :-• 


Gq 


. m2 


100±40^ : : 


19±I0. 


60±20 


++ / 


Gi* 


m3 > - • ^ 


1,400 ±700 


210 ±60 


560 ±250 


+++ 


Gq : 


; rn4 ■ v • 


270 ±70 


33±14 


320 ± 150 . 


++ - . 


Gi* 


m5 .... 


110 ±50. 


55±1 


390 ±180 


+++ 


Gq. : 




Neurotrophic 


NGF 


NT3 








• tikA" v-'.- v;- 


L2±0.6 ng/ml 


>1000ng/ml. ... 






TK 


trkC . 




14 ±1.1 ng/ml 




MM , 


TK ,.. ■■■•.( 
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Prostanoid 


Fluprostenol 


MB28767 " 








fp 


2±1 






+++ . 


Gq 


EP3 




270 i 190. 






Gi 










. * ■" ■ ' 1 




Tachykinin 


substance P ■■■] 


neurokinin A : ; 


neurokinin B 






NK1 


7 ±3 


14±5 - : •. 


99 ±50 v: 




1 i\ . 


NK2 • 


65 ±6.5 


21 ±6 /.:• 


13 ±6.1 . 


+++.',- 


TK .: 


NK3 ■ 


164 ±59 • 


11 ±2 •=.-. 


100±20 


+++... ""V 


TK ... 








Mutant/ ; . 
Activated 










. V / , : 


v-ias.'. "v 








++++ : 




p53-H175 : 








+++. 




P53-W248 








+++ 




G-12-229L 








+++ 




G-q-183C . 








++ / 




m5-164 ■: 








+++ . 


Gq- 








G-protein . : 












G-q ■ ■ < V, 








+++ ; 




G-12. 








+++. 











dinis wcSS^ °*«P«> te5ns *at induce amj)Mcati«i reionsesW^a^ci/ All • ' ; 
SnK^S tcs, ? d . us,n SAesinglcreceptorfornat Lfgaads were lasted using 7-9 doses to , < 

nf™?^ e * ** 0 *S«^« (++++ highest, + lowest). The known signal transduction classes 

ufe^^^^i^ 3 ^^^- Somei«epton(*)requi^^c^r^W^ ' 
.? < i?"P rotein .P? 15 . to mediate a response. In the case of the mutantactfUd ; 



totX^^-^^"'-" 1 ^ fc *c«^ofthemutant4cuvated clones (oncogenes 
S^SSw^ ""^o add substitutions caused the proteins to induce 1133?- • • 

r^^ 0n W^ in * c ^^ of ^ligan<l. RrtheinWcated^twSoSs the 
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Agonist Pharmacology of a2 Adrenergic Receptors - EC50 nM/ Max Response ; 


Agonist 


a2-C2 


a2-C4 


a2-C10 


Epinephrine 


uoo /++ v.; 


50/+ . ; 


430/++ 


Norepinephrine ■■■ 


7,200 /++ 


2/+ y?-: 




Qonidine 


±. v, •. /■ 


>10,000/++ ; :: 


- •• 


p-I-Qonidine .; ••. 


50/ + ,/. \ 






p-NH2-Clonidine ; 


400/+ ,', 


± . 


± .. ■ 


BHT920 


>10,000/+++ >, 


>10 1 000/+++ 


M0.000/+++; 


BHT933 


>10,000/+++ ■:•■>. 


ND 


>10.000/++ 


Guanfacinc ' ■ . 


2.500 /+++ . 


± ' ro-'.- • 


4,600/++ 


Prazocin 


8.700 /++ 


>10,000/++ 


1 V • ' ' . 


Oxymetazoline 


220/+++ ■: v : - ' 


>10,000/ + 


4,600/++ V 


Rilmenidine \ 


± -\ ' ■•■ 


480/+ ;, . , 


± •. • 


Dexmedetomidine : . 


2/+++ 






Moxonidine 


U00/-H- : 


2,000/+ 


4,400/+++ 


Isoproterenol 


± . • ■ *■ 


>10,000/ + 




UK 14304 ,r > 


690 /++ 


780/+ ; 


200/+++ 



Table 3. Agonist Pharmacology of cloned alpha2 adrenergic receptors. Dose-response 
relationships of adrenergic agonists at three cloned human alpha 2 adrenergic receptor su! 
NIH 3T3 cells were co-trarisfected with adrenergic receptor and B-gaJactosidase cDNAs. 
Amplification assays were performed using the single receptor format Data represent the mean of 
2-3 experiments. Individual EC50 and maximal responses were derived by nonlinear regression of. 
data from 8-10 concentrations of the indicated ligands, with 3-4 replicates per concentration. 
, Maximum responses are indicated relative to other ligands at a given receptor (++++ highest, + '■ 
lowest). Overall the C2 and C10 mediated more robust responses than C4. (ND) not determined, 
Cfc) a very small response was observed, but reliable values could not be calculated . : 
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Example .5 V!'-;.-';---."- 
V . RanfltW " of the nn^ X^ inic ref j pn ^ r : V: 

^ i^ustrat^e utility of the^tipJe ^ec^ar Wrma t ;W" 
. *5. receptor was . (subjected to, /random : mutagenesis'" : over 'Vthe • 
. 5 ; N-terminal ;2Q. amino .acids ■ of 'the -.third v intracellular < loop' 

(N "^ 3 ^:i;^ acen t,.:to;,the: fifth •.•transmembrane "domaixi r, (TM5) 
:: ; •■ . region . of • the ; ; receptor- that vis £ involved. : in .coupling, ' to" 
G-proteins. v .TVp ym iVl io^^f: : ;^^:^\^^ 
reverse primer :<P2) /.for ihe.first ' > v*^.i6^#\&^i r f" 
-10 IMS domain and , the .forward ipr^r^tPS,; for thVsecond product ^ 
. v. comprised the . entire ; N-i3 domain To .incorporate mutations; ' an 1 • 
. . equimolar mature of. the four basesVwere . substituted at a 15% 
rate for; wild-type : . nucleotides . during synthesis of ' the ' P3 
, ■■■ Primer. i.^e. outer, primers. (Pi and P4).. contain Apai; and EcoRl . 
15 restriction -sites for: subse^ent 
.were. treated , with T4^ 

.ligated to yield coricatamers, ^ 
■ EcoRl ; ,to;. , release . the ; randomly-mutated,: m 
.^ inserts, Inserts, were ligated into a Apal/EcoRl fragment. of Sib.'/ 

■20 pcD-m5 : yielding ;. a' population^ ■ ;»^t>W^wi*& W> 
■: 7, 1pcp-m5-Ni3*) . The overall /cloning, strategy , is shown in Figure ^ 
; , - 7 , ■ : A . cDNA ■. library , of .;. receptors;/ : each with a Afferent 'set:. of ' ' 
/. . random ,' "Stations , : . .was / used ...to ; transf ect NIH ' 3T3 c^iis • 
. ^ Transf ections;were performed with 450/ n g ; of . library 1 cDNA (675' " 

^ recombinants):^ cells ! were : g rovm in'' ' 

. / the presence of r 100,^ carbachpl^^ 

, 2-3/ weeks, . macroscopically/ visible /ioci,ar e ; removed^ rom" the -7 
■ Plate ' ■ t0tal . . ™ A ™K extracted/. : arid;;cDNA - synthesized fusing = 7 
:^ random-hexamers as primers. These cDNA templates were used to " 
.3.0 amplify 1.6 kb fragments using >4 and P5 as PCR primersV pS-' is 
, . conplementary ^a 
. upstream of the m5, receptor -cDNA. Thus .^endogenous genomic^ 
. ?: equeACe =; :.:«"*». n °t . be. amplified. : . The 'pcr products were' 




: ' .;■ -.: -directly sequenced using. Taq polymerase ,in a cycle-sequencing ' 

■• v?.. }'M protocol using PI as a primer.' ■•' 7 v.- '", • .'•■.// \S---'S:y-'?<; ; .. 

. : , • ; As ;illu^ many different mutant . . 

;v <■ ; : ; v receptors t . were ; identified < in /foci;; ; These data -' allowed \: : ' . \\ . \ 

.? ■■; . 5 predictions concerning the likely structure >of . the region" of 
V oS '^'^/^^/.vthe muscarinic receptor that is involved. in 'G-prbtein-cdupling. • 

■ • : ; : ;. ? > ; C °^ , a V technical v j level these ... data ; indicate that when ' . modest ■ \"- 

■ \ i ^--\V;Si.^.concmtrations of ; receptor DN& are/used, a single plasmidiNA ; - ; ;\ 
:-k"\ f':.vV»-';: : --;-'-;/-.;is , able :' : tQ . tranf ect .': a' - NIH , 3T3 cell • ahd. : allow . the . ligand v\ • . 

• ; 10 carbachol to stimulate . growth; of the cell "resulting in" a foci, \- 1 '; 

/ : k: and. that 'the Vmutant receptor that ^induced the ; foci could be . 
identified i^yj DNA amplification procedures. - ■■■■XSVV*^^^^^ 
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Example 6. ' ..' '-."'T'"'" ".- y 

. .• Rentfam mutaerenfisis of t-.ha rf"^^^ ^ ^^ ' assayed hv . 
, amplification of h eta-aalar*n« Hri« fa o -/■ 

•Using random mutagenesis strategies analogous to that described • 
.' 5 in. Figure 7, ;W have introduced mutations intp ; regions of the.. '■. 
; .; . m5.; receptor . thought tp be involved in; ligand binding ahd. G- ' 
- . . ^ small scale plasmid , 

,y preparation lis made" for each ; clpne. WThis'; is performed.. using 
. V:iiani Qiagen anion ^ 

v lp. used in yansfections and assays in modifications of the Single 
Heceptor ^ftonnat.V Mbdif ications ^vpiye. > -proportional: scale' 
- {dovm in .n;h 3T3. pell, numbers; ^ .amounts from 1 those; used ; 

y f or 10 cm plates to . amounts .'appropriate " for 1 individual ^welis ; 
y ) 6f -, 6 well : H Veil; plates Vy in V'th*; ; case^of ..• trahsfections , : 
•15 performed. ^ : 24 . we;r 
. : direct 

'X \ : i°termediate ; transf er step " (e . g , ^ the / 10. ; cm plate to .^96' well ; . 
plate transfer^ 

" ^ K ..; Vfi n 5. these procedures we have, screened several hundred 
?.? ; clon ? s ^ 
: : Jmutan^. ; receptor^ 

To; identify : 

;:y ju ^^[-^^ , .^^; : ^^t^'acUyii^ in/the' absence of. ligand. ^ 
v we Screen , imtants. ^the absence^'of : agonist ^and/or^ in : the -' : 
1 25 presence.^ antagoi4st. v.(tae;clone:that was isolated by this 
f y ^^tx^^jig^^ ;;V: Relative W wild-type, 
■:K ;. th ^. s c . lone has . a significantly elevated response/in the -absence \ 
; • of : ligknd, and thas>^ 

^•y*???: ^ ^^K^^^Y of/ amplification assays for the: 
, 30. identmcation; of ^receptors with mutant phenotypes.-^ 

•. ; Bxaaple }i . ' '>/ y ■ ■'.:..'''''.;. ".••"' y ; "A'l'-- ' v 
KultiDlex Recpnt-ny p 0 T^ a v -'V ' .:. ^ S '-;:"I: ; V^/."' •^••y 
^e. , configuration: ro^ : ; the itoltipleix;.;- Re^ 
illustrated in Figure li. ^.In^this exan^le,- .several. receptors'. ■ 
35 cDNAs are cotrnsfected i with beta-gal cDNA' into a culture of NIH 
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V.3T3. .., ceils . • : 'After • addition . . of ,' ligands ,. an'; effective 
; ligana/receptpr :interaction.'is.lderitified by a'" positive beta- 
■■y:::;.gal response. :\ Data supporting the feasibility of this 'approach 
,; . .'.is illustrated in Figure 15 . ; In :.these examples > .ho signal is. 
^ ^; loSt: . ' wh ^. . ' i3 - 

:"•>,' .substantially , reduced '. in -concent: ration ^:.E[Ipirical ;data using 

multiple • receptors.; :isU Figure 1S.V:- in this • 

/^..example,^;.; ligand v Responses .^toVv muscarinic, ..^ adrenergic, 
" : ) neurokinin,^ endothelin and prostenoid receptor activation were \ 
:10 assayed in . cotransf ected cultures " In this " experiment an V 
^excess of inactive receptor DNAwas used to* simulate a 10 fold \ 
v; >; multiplexed ..assay (10 receptors , assayed simultaneously) ..' 

■ ;. ■ Example 8.' ; '. J: •.■ ;-.-V ; V.-- :?.'■•■'■'-• v ''•>::> WV^-'v^-'-'V ■<[ -: : >./ : ' 

j Disease Gene Aaaav' and TctenM f i n^i j, v ;V 
15 Many diseases are ..caused by mutations , . in receptor^ and/or 
^ .associated signal transducing proteins. . The best characterized 
; examples . are )t±e oncogenes, but other examples . include genes ; 
^associated with : retinitis ., pigmentosa/ ; color, blindness >nd 
insulin dependent: or independent diabetes .^ther: examples will 
20 be well known - to., those skilled in ,the art . ; Among the. best • 
characterize^ 

,.; ras . .. . As illustrated in Figure 12 / mutant . ras ( v-fas ) ; but not . 
.; wild-rype ras (c-ras) , is able to mediate, significant responses . 

• in amplification ; assays V • ; As summarized 'in Table ,2, . other 
: 25 oncogenes such as s mutant forms of p53 and the G-protein G12 are 

V: v Exa^le. ;$,.•■ a. -inutant f orm of . tte .m5.- receptor that- is- active in 
: : -,;,:the absenc 
,. 1 :.V Together, these^ 

30 powerful approach to. both tAe 'assay and: ideiif ication of disease V- 

genes, ^procedure ; for disease gene '.identification is; ..■ 
;: , as .fonows.:: 1) :: The coding/region of "a receptor suspected' in 

• performed ,.:using "individuals or populations of individuals' with.: ■ 
.35 .disease;-; ; : 2) . /The /receptor 

•H>v r A acti : vit * inj; the;: abs ence ( . of. ligandi, '•" and/or .inappropriate '.' ' 

"■;:■);: l;' ; ; y v ^ '■[. SUBSTntnE. SHEET (RULE iC- : \X\'.\V\/ ; ^ff : y\ 
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: -; _ : Vligand:s^sitivity, ^ •inappropriate, ligand .sensitivity" is; . f 
1 meant that* a . mutant form can be expected to respond to ligand 5 
- . at > lower .coiicehtration thaii .the wild-type form. " In addition, 

, - m 

; : ; 5. antagonist as>ho*p, /for example, i in Figure 13 Assays'.can ;be.' *. - 
perf ormed . one. ..at a . time ;as in Example " 6, or - several . patient ;; 
: DNAs could be; . tested .*;.simultcmeo\isly ; using.. ^ the ; . Multiplexed.": . ' 

;■; : ; assays ' described in 'Example. 7 . V^;.:V-*v; 'y/-'.}"^ >; c - / V^V *' V'*'.'.-? y ; 

: V : Example S'V'V ;-_'* : -V^v^' , \'V-X-V'^*- : :Vv*:-: ■ ')'. -V':."" ' \ V--*'- - ■ ; 0'»'" ■ '■ v - 
Assay of Chimeric Recento^ "/.Sy.y y.; ; v v^v^-^ <'v'^ 
•\ Many receptors ; ^ ; /do not . "mediate robust;; responses Via "V • 
^amplification assays, can be engineered to. mediate responses. by. 
. ^ changing, their selectivity : for signal transduction -pathways 
■ 1 As illustrated. in . Figure. 17, ..the ability of 'alpha2 Adrenergic ']:{•} 
15 receptors t to mediate ..functional responses : can \ be 'greatly v.:- 
v amplified by inserting the .third loop of .the' al^hal receptor. : 
Aiplial receptors y efficiently couple .\t07Gq,.' while y: ; alpha2 V 
; . rec^ptprs more; efficiently couple to.Gi, ;.-\As" suggested by this > 
V\ : ;-^a and others, the' third, loop; is thcrught' to: be the . primary : 
20 deteirminant of . coupling "selectivity 1 . . . ■ -'. ; v '■'.''c "■' 'V ! ^ 
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claims ;* ••■ v- : ' ■ . : ' / // ' v '<■:'/'- ■ : ■> . ' * .' ,;■/;■ ; / . ; y ; , ; 

^.1. A method of detecting a substance /capable* of acting as a ;. 
,:' -ligand,* the method comprising,; : ;;v..^';-v;:^^ : :-;;\'. >:''v ; v 

: incubating, 1 under conditions permitting cell amplification/ , 
5 cells transfected with UNA .coding for a' receptor capable of 
: ' /influencing cell : amplification in response ; to \ .a ligand, the ; 

:.;= t ;-rcelis;..coBprising a: marker, of cell amplification/ with .a test. , 
'/substance; which is/ a; potential agonist or antagonist, of ; the ; 

.- receptor, 'and "i-^y. ;.;^ ; '.. v ^V : '^'\^y---i'v'^ /->/v:^ 

10 r (b) : after ^a period / of. /time/ sufficient /to ; permit cell • 
^ amplification^ determining ; ,the \ presence \ of absence. . of . 

■'amplification of cells containing the marker relative to cells 
: v" not .containing the marker. . V-"'-^ Y ,, - : -o : : /: : \ 

'■:.>;2. : ;*A;.inethod->according : : :to claim. 1, wherein , the / cells are/, 
15 transfected with DNAencoding a .single .receptor. vV 

•v.- 3. A method according to claim 2, wherein the DNA . encodes a 

V tyrosine kinase receptor,. ^-protein coupled receptor, tyrosine . 
C kinase /activating [ receptor, . tyrosine phosphatase, receptor, . 

V transcription factor, steroid, receptor, oncogene or ligand- or, 
>20 voltage-gated ion channel, or a chimeric receptor .composed of 
; --;.. : ;: : ;'the : ligand-binding \region of •■; one " receptor and \ : the :signal 

/ transducing* region" of :■ another receptor . ^ V/" v ' v/;^).\ '/•••; 

/Vvv;-4.,A method according to claim 1, wherein any agonist activity 
H CVpf . one; or more test substances . is ; idetezmined by an 'enhanced ; 
. 25 effect of ; the /receptor ;bn amplification, of ;the - transfected 
./cells relative to a background. of; cells .which have hot . been. 
; \ : transfected with the. rec^torJV';.;;V.';;\; /:V /;•/ \-^: ^\ '..}-; -/; : v 

■ \; -5. .A method according to ■ claim/1, \ wherein any* antagonist . 
; : activity of the test, substance, is; determined by inhibition of : 



I. 



C ' the . effect , ? f , the receptor^on amplification' of the'transf ected ^W-" 
S. cells , ^ lat A ve : - tc V a . background; of -cells which have .'no^bee^ ^ 
\ transfected with the receptor? s ''■■'?<■ . ■ •' '' -OV^V^vV' 

• ;V: 5i^te<3 ,with ,the; : transf ected^ cells; tin': the^ presence^ an'':'; 

7 -A'^thod: ^cording W 
. y<:y . : transfected- . receptor ., DNA, . : the: transcribed iecepto/.^ : an'- -Vc 
•• ; .f .j..en^me,; a binding, proUin pr : ; M;antigen>;/^ •' 

.10.8,. A 
, V V receptors 

(■" VY^^ 1 ^ 1011 an?i/or hybridisation techniques . ' -; •• Y'H^y V'^- ^ 

■;.:;9,..^ 

. ■ _ ; enzyme selected from the group, consisting, of phosphatases (such ' ^ 
.. lS^as acid or alkaline phosphatase) , S-galactosidase, urease ?glu- " '.- 
.; cose oxidase, v carbonic ; anhydrase, ' acetylcholinesterase, glu- ' V 
. coanylase, - . , ;. .Palate, y: dehydrogenase; giucose-6-phosphate • 
dehydrogenase/..;^ 

V 20 peroxidases: ( such. as^ horseradish^peroxidase) V : %£ : ; ii/i/:^ : : ; V't ". : - : 

> •'..;f=;^ hc)d >^prding:: to . .any.' ' of" ciaixre/ l'-K: the'; method '"v^ " 

Comprising .■ ^^v; : '^:\ i:->[;V/"-.. v .••>;'•• v.'. 1 . ; •7..->----'* ; -.;-: ■>■•'' 

(a>:- transf ectin"g,ceUs; with; DNA encoding 1 the xic'ept^r : 'ani .wk'^'S^ ' ' ' 
. v.: ; /yp^-enco^ V^-\;v-\'--> '.^ 

-y aliqupts , V ;. vi;. ,..f: : c ';-y :y'\ s ^y/;-/.--;^;,.. •> o • ; • ■> ,v .';'V 

: v.;^°^ a ; Peripd^pf . time 'sufficient \to : i distinguish ^b^tweeii ' -V ^ ^ 
. staaoilated and non-st iimilated receptors,' and',- 1 , ; - : ?/ X-^' ;V'V i; 
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. ; (d) ;deteriidning- any change m anplification.l^/m^ . . 

marker enzyme activity in each aliquot. V// / 

11. : A method according to;- claim 1/ vfaereinVthe ' cells/. ^ 
. ■ v \l tremsf ected. with DNAs./eaicbding . twb^ or more distinct receptors/ ;■ \7'." ; :-S;-- 

'V^^'"^;^-:/- 1 -:-^- 5 ; each transfected cell: expressing an individual receptor/ '■" /\v : ;; v 

A- j: ■ v/; 12 . ; .A method according to; claim 11, ..wherein the DNA encodes *;it •/'^v-: v K;' - 
;J,;v>v^ /tyros ine.»icinaip e'^ r ec eptor * V *G — pro t ©in V€oupl ed receptor," tyrosine V'^/ A'^"'' 
'■ ;^/// : ;-^^^ activating^ receptor, ^ tyrosine V phosphatase receptor, -sKf-i*-- : / f 

\a h transcription, factor/; st^ receptor, oncogene or ligand- or - J : 
' 10 Volt age -gated .ion channel, or a chimeric receptor composed of : • 1 / 
; - • • ; k - r .> : -the.V ligandrbinding region; of one ;: receptor, .and : the : signal : //- / 
; transducing*. region of /another receptor. ..V-'l *■"-- //-/: A'A/ /- - 

'••// ; 13 • v,A method .according - to claim 11, ..; wherein any agonist ' / 
• /• ^ ' ^ activity of .one . or more test substances is ■ determined by an ■ v/* ' i ; 

y-/-V/ ; /A 15 . enhanced .effect of. one/of more . receptors on amplification bf.\ 
- > th f -transfected; cells .relative to a background Vof cells which '•; ' 

Kv"--f .- >; ." "v.-vp^have not been tr^s feet e^ ;vV- '?••;•- 

v. : \; •■: ^/ ^ A - method according to . claim 11; ; Wherein airy antagonist P 
> : : ^ itest . ' substances /is/ determined by )•/ > 7 '* 

; : ; ; ■ : : v. 20 ..inhibition of . the /effect of : one or more : of the receptors on • " \ y ■ 
'■I'^fy^Y' ■// . amplification of the trans fected cells relative to. a background '/; }'/ 
--■-V* Al/of. cells. which" have not been transfected; with the receptor/ / >\* .; 

: '/:;^:^ siibstancW : - \..'v: 

-;;///.-//- ; •v>;v,orASubstances i are incubated with the transfedted cells in- the 'V -V^ 
^C>; : :/*;;^-'v ;25 Presence ,Vofv; an . agonist . of receptor ./stimulation ; "of cell V" ;•' A////. •'/ 
'/-;/• ^/. : ;--5-/'v/;amplificati6h.- ^> : /:v^^ ■V^.V; : , / S,\>.:v.; 

£ /v v 1 ' •.:"//•;■ ,;. ',•..'■■16/: A method according to ciaiih .11/. wherein : the marker-is 'the' 

; A / \^ an ' 

: v: '.(:".-[ / >;. enzyme/, a or ari antigen. :■•'•//' A ' : *" , ; -"// ^ ' 
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.17: ^ methbdV according to ^is/.^in th^ narker 'is)' ■ 
; . .... airpnficatxon - and/or hybridisation J techniques . , •'■ ■ / '- ^ .- ^j" 
v .^i8.:;X^thod;^ord^g-; t 

•;.;..:l^A»ethod>cco;rdi^ 

^10 T reC ^ t °^ e ^ ress ^.^er which is ■disting U ishab^ from ' ' " 
^^thod;;accprd^ g : tV: 

(a) transecting cells with DMAs encoding two , 
15 receptor, . and .with .encoding a marker eazy™, >' 

y-;;.=j;;tacubatin,;eacW^ 
^°, 5t ™*^ : and,non 7 ,ti^^ 

W> aetenaining.eny cnang. i„ c . al edification ^ / ' 

r^' ?" MtiVity * -* aliquot., identifying . 
r U 9 .nd» by their ability to alter cell a^aiioatiL; ^ • 



« ^• id r lti£i ' i 1,9 " hiCh CeC< ? t0r " :«"vated by the iWby 
^S.eub .=t MS; each ; r.ceptor .^^Who^acco^io ^laT^ 
: -(a) pf claim; 10. .\>"".. : >/:-/:-:/:. v ^-^v.v'-. .*.'". *\.-> :v " ,": : 

21. -A^thod; according ;to^^^^ 



WO95/02S23 



^ PCT/USM/OT900 . 



V (a) transfecting cells with DNAs . encoding two or more distinct ;. 
• .receptors; each , trans fee ted -cell, expressing an individual 

; ; , receptor, , arid' with DNA 'encoding a marker 'enzyme, \* : '- - 

v ,(b) dividing .the ; trarisfected; cells into several . identical 
a5 aliquotsi :• -v v."" : -\: -V.^-.' ^>- ; -'f ^ yy/\ -r-\}y- . r^yy^'^y]: '*\X<;.-?\: r \-'V/.':. 

• . : ■ (c) ; incubating each aliquot :; with one or more test substances 
v-. for a : period./ of time sufficient to discriminate between 
: stimulated and non-stimulated receptors, 

/(d) determining any. change in cell amplification by measuring 
10 marker enzyme . activity . in /each aliquot, identifying active 
. ; v ligands' Iry. their ability to -alter cell . amplification, and /V 

: (e) identifying which receptor is activated, by the ligand by 
assaying" the . receptor : DNA s arid/or. mRNA by , DNA amplification 
. arid/or hybridisation techniques I ; ■ v xo-'^^-:.::^^-; 

15 22. A method according : to 'any of claim9 .11-19, the method. 
^ V ^comprising v>^-V^ : .y ^'yi", : - v ! ; 

a) transfecting cells with DNAs encoding two or more distinct 
. :. receptors , each transf ected . cell expressing an '. individual \ 

- ; receptor . and. with. DNAs encoding ^wo or more marker enzymes , 

i 20 such , that ; cells expressing a given . receptor . express a . marker 

V which- is /distinguishable t from a marker expressed ; by cells 
\transf ected with another receptor k ^- r: : - ; y ■:• 

- a ; (b) dividing the . transf ected cells ; into several: identical 

^v'v- aliquots/:;: ; ;: : y:: : y^y'y y yyy-:^''v: : : V. i : -->' y M : i >' \f; y ■: ; : VVA';;:.- ; : //V-V*> 



x25 (c) incubating each/ aliquot with one or more test substances 
;l;\-^-"for,:-; : -'a period, of . . time, . sufficient , to . distinguish . between 
• "stimulated and non-stimulated receptors, : ■•; -V^'. ; : ' ; 
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<d). determining any change in cell amplification by measuring 
' ^ Gr . enzY ^ e activity in - each ali^ot/ identifying, active 
; J.: ^9^<is. lv:.their. ability^to. alter- cell . amplificationV and 

,(e),; identifying which preceptor .is : a^^ 
5 addxng a,sub S trate for; each ^ 

•,by, assay. ' . V : ' V. V'; .:■./:. -"'/.\>. V— ''-"V-../. 

' - 23 vy A ki «^ for detectings subseance'capable 1 of ' actini as 

• . a ligand, the kit . comprising,-. ' . • . - • ; 

: . l frpzen : cells , transfected • with: UNA \ coding 'i a ; receptoV 
10 capable, of, : Influencing ^ceU; amplification; inj response' to 'V 
. ; ligand, ^e cells cc^ri 

(b)'a medium for growing the. cells, v V' . '; > V? ' ■ ■ ' 

y (c) ; a v reagent; for ^detecting the presencV and Entity of ^ 
;-. v : marker.. - V-X' v ' ■• m-.*V- : V '^V ; / ; ^V- /'. V. v-; ■*■ 

■ : " • 24 - : A; test ^ ifc ;^ording>6>laim 23 , ; wherein : the v i encodes" ' 
^ a.^rosine; : .kinase;;r^ • 

: tyrosine, kinase ^activating:; receptor tyrosine phosphatase" 
..receptor, transcription factor/^ 

ixgand-, or voltage-ga^ iionVchannel; • or a .chimeric receptor' 
20 composed of the ligand-binding region of ^one? receptor and the ' 
yy; f ignal ; ^ 1 " ans . d ^ c . in g . region of ; another, receptor . "V' . : -.y> : >X >\ 

V 25. A;test ^it/according to-claim 23^ f^r^omp'risS "aff 
. a ^^H: ^ ^^tor stimulation of .cell amplification: ^ 

; ^ 26,.A^s<k^,accord^ 

,2.5 transf ected. receptor >NA, [ the j transcribed? receptor. mW/ ari I 
enzyme, .a .binding protein : or .an antigen'. -u \ .. 

: . 27...; a. test kit; according to claim 26 / wherein the marker' is ari 
- f^f : selected, from; the group consisting of phosphatases (such • 



"'■ "i WO9S/02S23 '■, ' i /„•■ y W " : / PCT/US94/079O0 : j/ .!y 

; ; ,.;y \- • ^. ,-yy ; , -as acid or alkaline phosphatase) , fc-galactosidase,. ureeise, glu-'; V 

^;^;---.>^vcose.. oxidase, : carbonic anhydrase',; acetylcholinesterase, glu- t : 
:;. coaitylase/' ; . .inalate, ;.:d^ ; i glucose-6-phosphate ^ \'<::\ 

*y ; -.". : f J ^dehydrogenase, y : S-glucosidase, proteases, pyruvate 7 de- . : ; :; " 
•■•^y.'$ carboxylase,^ esterases ,;iucif erase, alcohol dehydrogenase, . or 
: y f: peroxidases : (such as horseradish peroxidase) ; ■ 

( ;28. A ; test , kit according to claim 27, whereinthe reagent for ' V ; : 
v* .-"•■.;!?■■ detecting the presence and quantity of the marker is selected \ 
■..;'-:^S-'-;V'' ^ V fro * ^the;vy group . consisting of ':■ '; v b-nitrophenyl-p-D-; 
[ s : 10 gal^ctopyranoside, ^ : ; ^ ' V 

. :galactopyranoside,;;t:hloronaphthoie, o-phenylenediamine, 3-(p- 
; ' • • vC- : :,^ ; : ' hydroxyphenyl) propionic; acid, luminol, . indoxyly phosphate, p- . 
^ ;;; ! ^ hitrophenylphosphat ' : nitrophenyl; ' ^ y y 

- umbelliferyl-D-galactopyranoside,^ ^ H 2 O a /tetraiaethylbenzidine or ,iy 
■ ■ . - y.. r 15 luciferin. , :* < ;y ;;> y7l-7y.': : y. • v /' -'- ; 7;V' -- : ->. -■. : yy '." i - 

; : , -29. .A test kit for detecting a substance capable of acting as 
" va ligand* the kit .comprising, -r^y ;y :: --\ ; V .-'v.. :-.y .-v' v ; - ..-V :;. y-.\\'- V-.;- 

Vt-;vV'-v:-; ; ^c:'-'\( a Vy frozen : cells y transf ected : with DNA coding ; for /a; first / 

^^^;y• : / : ^-'. receptor ^capable; of influencing cell growth in; response to a! V . i 
29 ligand/ the .cells comprising; a marker of cell amplification,; 'vS'V.^ 

y • y . : : . . ; {b) ; frozen ;,: cells . transf ected with DNA "coding for • a second : ' >>' 
yy receptor capable /of influencing celi . growth : in response to a ; S J y . 

. ••*■:* ' ligand,; .theysepcrady receptor being' ; distinct ; from : the first . 
\ a marker of ;cell amplification, ^ > 

-;25.;'(c) ;a medium for^growing the' ; cells ; ' v,: v-v--^ ^ ^^^v>V ; - : -\.'\:' : ' ; ' ' - > : v : .>=r. vjy 

■'. . ; t d) ; .a reagent . for detect ing the presence .and. quantity of : the ■ \ : \ I *- 

"y.;^ -^r marker.'^ \yy: ' : ^~-'?\-:v''y r '^ y"-/;X : '■%vvi , '^-'i : '' 

^ 'Sy :'y '}30 • , Attest. kit according to claim 29,' further conprising frozen'; ; ":- 
v.;;-""- K cells / transf ected ;with . DNA . coding for ; further ^individual , /'/Vv; y 



) , 



PCTAIS94rtW0O , 

' •• • • 'V'-'' ■.. •. P : / ■. ■■■■ ': 

receptors/ eac*subse^ from each of 

y,.;~.. ' . ': Preceding .receptors. - : '.'•''/• ." V;Cl...: 

^ f^V ? ^V^^ ?3V.;iereia ithi; cells: are' 

v: .K* £ LS^^ - ffiY - reC6Pt ' r: ^B:V^er: which ■ ia ; 

, . . wath.anoth^^receBtor,.t^ 

detecting- each' of >he.inarkers : '' '' : v/> N'^ 

. ... •:. : ^ r0?xn ?- : ^ting-re^^ 
. : . rec^ep^ 

; ; : ; . Ugan^^or.yoltage-gated 

^ 15 SSiV - f 6 . "S^^. region of ine! receptor and, the ^ 
15 v . tWdtac^g region, of toother.; receptor. .; ; ^"W- ;.. 

-^ .agonist: .p^.re^ 
20 enr^,- a biding p^ 

I < . ? • " ~ ^^phosphatase) .>-galactcsidase/ urease; giu- ^ 
^-^sV^^ 1 ^^-"^^^^^ ^tylcholinesterase; 

■ • , v. carbo^lase, r esterases, : lucif erase/: alcohol ^dehydrogenase; ' or" 
peruses. (su ^.„ 

: ;• ^. X test kit :ac<:ord^;to ; ;ciaim^3S, ^rein; the^xigent ^or ' > 
.?ft*!^yfyy*tt:** Quantity of' the W*er Is select *< 
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" ./ galactopyfanoside,' : . 5-bromb-4-chloro-3r-indoiyl-P-I>- ..: 
galactopyranoside, chloronaptithole, o-phenylenediaMne/ 3r (pr . ' 
■- : hydroxyphenyl). propionic acid, luminol, indoxyl phosphate;; p- 
. a v-v^;^nitropheiiylpbosphate t ;-' ■■; nitrophenyl . galactose, . : 4-mesthyl .. . 

5 uifoelliferyl-D-galacto^rahosid^ or 
L "-i' , luciferin. . J / \? ; ;.\-/ :■' ;--'•'>;' .^V \\ ': • "■.*'' ' -..V. 

:-.. : ; ;'37. / A method of detecting, a mutant, form' of l a ( wild-type gene, i 

} which , wild ^ type 'gene' is -.riot .Capable of mediating cell 
o:;^.:,'--espl£fication in the absence of ligand, comprising ,V.r * 

10 (a), incubating, under conditions permitting cell amplification; . 
. ; ' ; . cells transfected with DNA. expected to contain, a coding region ; : -.\ 
: Cfor the "mutant ^ fom of the gene; the cells comprising a narker;;-;- 
' k of cell amplification, " in : the . absence of . ligand . or in. the ^ \ 
/- .presence, of an inappropriate amount of ligand, .and ; v 

V 15 (b) : ..after a period of time sufficient ...to . permit cell 
: v amplification,' • .determining / the ; : presence ' or! ; absence' of 
-- :: v\"\a]i^lificatl6n'of cells containing, the marker relative to cells , 

not containing, the marker. . -y/v,; ^v ; v\/^-' : *V ':■■■';■•;*■ 

\' ^:38^; !fee>ethod according to claim .37 : wherein the mutant form V 
- ;.2Q is associated with a 'disease 'state ;-"V : h.; >'■' V;- s .S,.\- : \ '\- ■■. 

• *39 . The method according to claim 38 wherein the mutant . f orm . ; . 

■;;^'":/ ; .;- is, an oncogene V-?;:\-y* vvV>;^^^ ^ . 
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